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98. The Preparation and Properties of Certain Chloroalkoxyboron 
Chlorides and Trischloroalkyl Borates. 


By E. W. ABEL, J. D. Epwarps, W. GERRARD, and M. F. Lappert. 

Certain novel trischloroalkyl borates, B(OR);, have been prepared from 
the appropriate alcohol and boron trichloride, whilst novel chloroalkoxyboron 
chlorides, RO*BCl, and (RO),BCI, and also the ethyl and pentyl derivatives 
have been obtained from the appropriate borate and boron trichloride. 
Physical constants of the new compounds have been determined and 
molecular refractivity results calculated. The chloroalkoxyboron chlorides 
are unassociated in cyclohexane; they fume in air, form complexes with 
pyridine, and decompose under the influence of ferric chloride in definite 
stoicheiometry. The relative rates of decomposition were measured, and 
the results are discussed. 


EARLIER work by Edwards, Gerrard, and Lappert! on chlorinated alkyl borates and 
chloroalkoxyboron chlorides has now been extended. Novel borates have now been 
prepared [see scheme (1)] in high yields (see Table 2) from boron trichloride and 3-chloro- 
propan-l-ol, 5-chloropentan-1-ol, 2 : 2-dichloroethanol, 1 : 3-dichloropropan-2-ol, and 2 : 3- 
dichloropropan-1-ol. 
3ROH + BCl,——» B(OR), + 3HCI . . . . (1) 
Alkyl dichloroboronites [see scheme (2) and Table 3] and dialkyl chloroboronates [see 
scheme (3) and Table 4] were obtained quantitatively from boron trichloride and the 
appropriate borates in the stated proportions. 
B(OR); + 2BCil, ——® 3RO-BCI, . . . . . . . «. « (2) 
Wks the 2.6.6. ie @ 
All these esters were hydrolysed immediately by water, the borates into boric acid and 
the appropriate alcohol, and the alkoxyboron chlorides, which fumed in air, also to hydro- 
chloric acid. Their molecular refractivities were estimated and these agreed well (see 
Table 1) with values calculated from Vogel’s data 2 on the atomic refractivities of carbon, 
hydrogen, oxygen, and chlorine; a value of 2-65 was assumed for the atomic refractivity 
of boron.* Molecular-weight determinations showed the alkoxyboron chlorides to be 
unassociated in cyclohexane (see Table 6). The alkoxyboron chlorides formed 1:1 or 
1 : 2 complexes with pyridine. 


TABLE 1. Molecular refractivities, |R1)\p, with calculated values in parentheses. 
B(O-[CH,],°Cl), B(O-[CH,),-Cl], B(O-CH,°CHCI,), BfO-CH(CH,Cl),), B(O-CH,-CHCI-CH.Cl), 


66-7 (66-9) 94-8 (94-8) 67-4 (67-5) 80-7 (81-4) 81-3 (81-4) 
n-C,H,,O-BC], Cl-(CH,],O-BC], Cl-[CH,),O-BCl,  (n-C;H,,0),B-Cl (Cl-[CH,],"O),B-Cl 
40-2 (40-2) 35-9 (35-8) 44-7 (45-1) 59-8 (60-3) BI-l (51-4) 
(Cl-[CH,],°O),B-Cl (Cl-[CH,],*O),B-Cl 
60-6 (60-6) 70-5 (69-9) 


The stabilities and decomposition of unsubstituted alkyl dichloroboronites 4 and dialkyl 
chloroboronates * have been discussed before, and it was noted that there were two principal 
reactions—either decomposition ‘schemes (4) and (5)} or disproportionation [reverse of 
schemes (2) and (3)}. 

OSC. 98 4 OO... ne ss 
3(RO),B-Cl —» 3RCI+B,O,+ B(OR) . ..... . (8) 


With the present esters, disproportionation was observed on distillation, but heating 
under pressure favoured the decomposition. The 2-chloroethoxyboron chlorides were 


1 Edwards, Gerrard, and Lappert, J., 1955, 1470. 
2 Vogel, J., 1946, 133; 1948, 616, 644, 654. 
3 Lappert, J., 1956, 1768. 
* Gerrard and Lappert, J., 1955, 3084. 
Ss 
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previously shown not to decompose even on heating,! but it is now shown that the presence 
of ferric chloride (1—2°, w/w) as catalyst (see refs. 3 and 4) induces a quantitative and 
rapid reaction at room temperature in this as well as in the other systems (see Tables 8 
and 9). 

The rates of decomposition of the pure alkoxyboron chlorides were determined (see 
Tables 10 and 11) and are available for comparison with earlier results.*:4 

The rates of decomposition of the e-chlcroalkyl dichloroboronites are in the order R = 
Cl-(CHg|, > Cl[CH,}; > Cl-(CH,], > Cl-(CH,],. Other relations for relative reactivities 

of  dichloroboronites are: Et > Cl-(CHg),; Pr® > Cl-(CHg];; 
CH ON, CI{CHs], > Bu"; — Cl[CH,]s > m-CsH,;  7-CsH,, > Bu"; and 
[CH,}.—cr:-* —* Cl-(CH,], > Cl-[CH,]s. It has already been shown that the greater the 
(I; n= or2) electron-releasing power of the alkyl group in an alkyl dichloroboronite, 

the greater is the rate of decomposition.* We attribute the marked 
increase of stability of the 2-chloroethyl and the 3-chloropropyl ester mainly to 
stabilisation by intramolecular co-ordination as shown in ([). 

The greater stability of the n-butyl than the -pentyl compound suggests that a steric 
acceleration factor must also be considered. However, this does not completely explain 
the results obtained with the «-chloro-butyl and -pentyl homologues, which are homo- 
morphs ° of m-pentyl and n-hexyl compounds. 

The rates of decomposition of the dialkyl chloroboronates are also available. Whilst 
these compounds are in general more stable than the corresponding dichloroboronites, the 
effect of chlorine substitution in the alkyl group is not so marked. 


EXPERIMENTAL 


Reagents and Procedures.—2 : 2-Dichloroethanol was obtained by Sroog, Chih, Short, and 
Woodburn’s method; ® 3-chloropropan-l-ol by that of Marvel and Calvery;7 2-chloropropan- 
l-ol by that of Pickett, Garner, and Lucas; ® 4-chlorobutan-1l-ol by that of Starr and Hixon; ® 
and 5-chloropentan-1-ol by that of Anderson and Pollard.!°® 

Triethyl borate was prepared by Wiberg and Siitterlin’s procedure 1* and tripentyl borate 
by Johnson and Tompkins’s method.!* 2-Chloroethyl dichloroboronite, di-2-chloroethyl 
chloroboronate, and 4-chlorobutyl dichloroboronite were obtained as described previously. 

Analytical methods have been described elsewhere.» 11 

Preparation of Trialkyl Borates—The alcohol (3 mol.) in solvent (n-pentane or methylene 
dichloride), to moderate the reaction, was added to boron trichloride (1 mol.; 0-025—0-25 mole) 
in the same solvent at —80°. Hydrogen chloride and solvent were then removed at about 
20°/20 mm., and the residue of crude borate was purified by distillation. The results are shown 
in Table 2. All the borates are new.14 

Preparation of Alkyl Dichloroboronites—The borate (1 mol., 0-025—0-05 mole) was added 
dropwise with shaking to boron trichloride (2 mol.) at —80°. The dichloroboronites were 
purified either by condensation (20°/0-5—1-0 mm.) or distillation at reduced pressure. The 
5-chloropentyl ester was not treated in this way because of its lower volatility; distillation 
caused significant decomposition. In the other cases, after evaporation or distillation had been 
completed, substantial residues (5—30%) remained of the impure chloroboronate, resulting 
presumably from disproportionation. The results are shown in Table 3; except for the ethyl 
homologue, the dichloroboronites are new.14 

Preparation of Dialkyl Chloroboronates.—The borate (2 mol.) was added to boron trichloride 


5 H. C. Brown and co-workers, J. Amer. Chem. Soc., 1953, 75, 1. 

® Sroog, Chih, Short, and Woodburn, ibid., 1949, '71, 1710. 

7 Marvel and Calvery, Org. Synth., Coll. Vol. I, J. Wiley, New York, 1947, p. 533. 

* Pickett, Garner, and Lucas, J. Amer. Chem. Soc., 1951, 78, 5063. 

® Starr and Hixon, Org. Synth., Coll. Vol. II, J. Wiley, New York, 1947 p. 571. 

1© Anderson and Pollard, J. Amer. Chem. Soc., 1939, 61, 3439. 

11 Edwards, Gerrard, and Lappert, J., 1957, 377. 

18 Wiberg and Sitterlin, Z. anorg. Chem.. 1931, 202, 1. 

18 Johnson and Tompkins, Org. Synth., Coll. Vol. II, J. Wiley, New York, 1947, p. 106. 
4 Lappert, Chem. Rev., 1956, 56, 959. 
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R in B(OR), 
Cl-[(CH,], 
Cl-[CH,], 
Cl,CH-CH, 
(Cl-CH,),CH 
Cl-CH,*CHCI-CH, ... 

* At 19°. 


Yield 


( 


%) 
88 
88 
90 
89 t 
92 


t Yield based on BCI,. 


low. 


is difficult to remove. 


(1 mol.; 0-026—0-05 mole) at —80°. 
pure chloroboronate; the results are shown in Table 4. 
to slight decomposition (see Table 5). 


new.14 


TABLE 2. 
B. p. 
(°/mm.) 
96/0-075 
170/0-5 
118—-120/0-5 
128 /0-004 
143 /0-004 


Preliminary experiments showed the yield, based on the 
This was shown to be due to the presence in the alcohol of 6% of 1 


Trialkyl borates. 


Found (%) 


Excess of the alcohol was therefore used. 


Properties of Certain Chloroalkoxyboron Chlorides, etc. 


ni dj® Cl 
1-4571 1-190 37-1 
1-4626 1-090 28-6 
1-4840 * 1-496 59-9 
1-4891 1-417* 53-6 
1-4952 14i19* 54-0 


Required (%) 
B Cl B 
3-6 36-5 3-7 
2-9 28-4 2-9 
3-0 60-4 3-0 
2-8 53-9 2-7 
2-8 53-9 2:7 


alcohol, to be 


: 5-dichloropentane, which 


The resultant product (i.e., quantitative yield) was the 
Distillation of these led in some cases 
Except for the ethyl ester, the chloroboronates are 


Di-4-chlorobutyl chloroboronate (96%) (Found: e.h. Cl, 13-5; B, 4-1%) was also obtained 
from boron trichloride (1 mol.) by addition of 4-chlorobutanol (2 mol.) in methylene dichloride 
and subsequent removal of volatile matter. 


R in Yield 
RO-BCl, (%) 
ee 92 
a ee 85 
Cl-[CH,]5 56 
ClCH, ), 100 


LB. p. 
(°/mm.) ni ad? 
78 1-3968 1-125 
2—55/28 1-4170 1-056 
- 1-4432 1-293 
— 1-4533 1-228 


TABLE 3. 


Alkyl dichloroboronites. 


Found (%) : 


eh.Ci® Cl B 
56-0 —_ 8-6 
41-8 — 6-5 
41-0 61-6 6-4 
33°6 51-2 5-4 


* eh. = easily hydrolysed. 


TABLE 4. Dialkyl chloroboronates. 


R in (RO),B-Cl 


Cl-(CH,], 
Cl-(CHg}5 


Cl-{CH,}], . 
Ch{CH,], . 


Cl-[CH,],O-BCl, 
162 (161) 
(Cl-[CH4]_*O),B-Cl 
204 (205) 


Compound 


Cl-[CH,],°O-BCl,,py . 


(Cl-[(CH,],°O),B-Cl,py 
(Cl-[(CH,],°O),B-Cl,py 
(Cl-[CH,],°O),B-Cl,py 


n® ae 

saenesuveod 1-3878 0-972 
chiietnmaiiell 1-4202 0-933 
1 rere 1-4564 1-240 
siauasaae 1-4622 1-181 
ae 1-4621 1-127 


TABLE 5. 


B. p. 


(RO),B-Cl 


TABLE 6. 


Cl-[(CH,],"O-BCl, 


172 (175) 


(°/mm.) 
62—64/0-2 
84/01 

101 /0-04 
128/01 


Found (%) : 


e.h. Cl B 
25-8 8-0 
16-1 5-0 
14-9 4-6 
13-4 4-1 
11-8 3:7 


Required (%) : 


e.h. Cl Cl B 
56-0 - 8-5 
42-0 —- 6-4 
40-5 60-8 6-2 
34-9 52-3 5:3 


Distillation of dialkyl chloroboronates. 


Required (%) : 


e.h. Cl B 
26-0 7-9 
16-1 4-9 
15-1 4-6 
13-6 4-1 
11-9 3-8 


Found (%) : 


ne e.h. Cl 
1-4212 15-6 
1-4576 14-3 
1-4615 12-6 


Molecular weights. 


(Cl-[CH,],°O),B-Cl 


244 (233) 


TABLE 7. 


sins 
e.h. Cl Cl 
sebastian 27-3 39-1 
banaoe 12-2 32-5 
beeen 10-1 


eeeeee “> —_ 


30-7 


Cl-[CH,],"O-BCl, 
192 (189) 

(Cl-(CH,],°O),B-Cl 
262 (261) 


Pyridine complexes. 
Found (%) : 


Rn  — 


Py 
30-2 
29-6 
21-2 
21-9 


‘am, atin 
B e.h. Cl 


4:3 27°5 
3-5 11-4 
3-1 10-4 
3-0 — 


(Ratio e.h. Cl: F 


i 
mare 


0-97) 


Cl-[CH,],*O-BCI, 
249 (203) 

(Cl-[CH,]},°O),B-C1 
293 (289) 


Required (%): 


a 


Cl py B 
391 31 4-3 
34:2 25:3 3-5 
31-3 23-2 3-2 

_ 21-4 2-9 
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Molecular Weights of Alkoxyboron Chlorides——These were determined cryoscopically in 
cyclohexane under anhydrous conditions, with a dry nitrogen pulse as a means of agitation. 
The results are shown in Table 6; the calculated values (in parentheses) are for the monomers. 

Interaction of Pyridine and Alkoxyboron Chlorides.—Pyridine (1 mol.; 0-01—0-05 mole) in 
solvent (m-pentane or methylene dichloride) was added to the appropriate alkoxyboron chloride 
(1 mol.) in the same solvent at — 80°, whereupon a viscous oil, insoluble in n-pentane but soluble 
in methylene dichloride, was formed. Solvent was removed under vacuum and the remainder 
was washed several times by decantation with m-pentane. This residue, freed from all matter 
volatile at 20°/0-01 mm., was the 1: 1 complex. The results are shown in Table 7. 

When pyridine (0-332 g., 2 mol.) was added to 5-chloropentyl dichloroboronite (0-427 g., 
1 mol.) in m-pentane (15 c.c.) at —80°, a white solid formed, which separated into a solvent- 
insoluble layer at 20°. This oil crystallised after 2 days, and was thoroughly washed with 
n-pentane, to give the 1:2 complex (0-743 g., 98%) (Found: equivalence ratio, e.h. 
Cl: B:CsH,N = 1: 0-99: 2-03). 

Catalytic Decomposition of Dichloroboronites——To the dichloroboronite (about 10 g.) at 
— 80° was added anhydrous ferric chloride (0-1 g.). When the mixture was allowed to attain 
room temperature, a vigorous reaction took place. Boron trichloride was evolved and absorbed 
in alkali absorption tubes; the alkyl halide formed in the reaction was distilled off and a white 
solid residue of crude boron trioxide (slightly more than theoretical, possibly owing to the 
presence of undecomposed boron oxychloride) remained. Results are shown in Table 8; 
vields are based on scheme (4). 


TABLE 8. Decomposition of alkyl dichloroboronites. 


Yield of BCI, RCl 
R in RO-BCI, (%) Yield (%) B. p. (°/mm.) nee 
Cl[CHig]e  ccccccccccsecccecccee 90 81 83/760 1-4451 
CHIE le — ocesescscecccvsccosce 83 89 118/760 1-4472 
Gs © Secewninihateienicone 91 91 74/18 1-4558 
TABLE 9. Decomposition of dialkyl chloroboronates. 

Yield RCl Yield B(OR)s Found : 

R in (RO),B-Cl (%) B.p. (°/mm.) n? (%) B. p. (°/mm.) B(%) 

ee 83 82/760 1-4454 73 70/0-1 4-3 

CULO gg cocvccsccccccecses 88 118/760 1-4465 61 96/0-075 3-7 

Ce: ignindtheiibentibes 66 150/760 1-4557 54 136—140/0-1 3-2 

INNS - sitatbinevanesness 95 78/24 14563 72 162/0-1 2-9 

TABLE 10. Stability of alkyl chloroboronites. 

Rin Time Decompn. Rin Time Decompn. Rin Time Decompn. 
RO-BCl, (hr.) Temp. (%) RO-BCl, (hr.) Temp. (%) RO-BCI, (hr.) Temp. % 
C,H, 1 150° 39 Cl-[(CHg], + 100° 9 n-C5Hy, 24 100° 8 

~ 3 150 94 - s 100 24 am 5 100 24 
CIiCH,), 3 150 9 - % 100 41 - 63 100 40 

6 150 17 - = 100 56 Cl-[CH,]; } 100 0 
om 10 =—-:150 21 i 1 100 63 a 1 100 11 
CIiCH,),; 3 150 19 1} 100 72 * 25 100 35 
vA 6 150 46 rs 1k 100 85 7 5 ©6100 68 
‘“ 10 =—-150 90 n-CsH,, ; 100 0 “ 6; 100 87 
Cl-(CH,], 3 100 6 am 1 100 3 
TABLE ll. Stability of dialkyl chloroboronates. 

Rin Time Decompn. Rin Time Decompn. Rin Time Decompn. 
(KO),B-Cl (hr.) Temp. (%) (RO,)B°Cl (hr.) Temp. (%) (RO),B-Cl (hr.) Temp. (%) 
C,H, 1 150° 1 CI{CH,], 5 150° 9 n-C,H,, 4 150° 7 

” 3 150 2 Cl-(CHg]}, t 100 5 i 6 150 20 

a 5 150 6 “f 1 100 5 CliCH.], 7 100 6 
Cl.CH,], 3 150 7 se 5 100 9 ji 10 100 9 

a 5 150 8 = 74 100 14 es 1 150 14 
és 7 150 10 e 124 100 22 a 2 150 27 
Cl-(CH,], 4% 150 2 n-C,H,, 1 150 3 eA 4 150 64 
~ 14 150 ‘ o 2 1650 6 “ 8 1650 83 
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Catalytic Decomposition of Chloroboronates——To the chloroboronate (about 5 g.) at —80° 
was added anhydrous ferric chloride (0-1 g.). After the mixture had been warmed to room 
temperature, the alkyl halide and the borate were distilled off and a white solid or viscous oil 
remained, whose weight was generally about twice that expected for boron trioxide and was 
probably a mixture of this and the metaborate; this was indicated by the remarkably high 
bath-temperature required for distillation of the orthoborate from the mixture. The results 
are shown in Table 9; yields are based on scheme (5). 

Uncatalysed Decomposition of Alkoxyboron Chlorides.—In order to ascertain the thermal 
stability of these compounds when pure, with respect to reactions (4) and (5), small (0-1— 
0-2 g.) samples in sealed tubes were heated for stated times and temperatures and analysed for 
e.h. chlorine and boron; this permits the extent of decomposition to be calculated (see refs. 3 
and 4). The results are shown in Tables 10 and 11. 


THE NORTHERN POLYTECHNIC, 
Ho.ttoway Roap, Lonpon, N.7. [Reccived, July 26th, 1956.) 


99. Carcinogenic Nitrogen Compounds. Part XXI.* New Alkyl 
Homologues of Phenanthridine, Benzacridines, and Related Nuclei. 
By Ne. Pu. Buu-Hoi, P. JaAcguicnon, and C. T. Lone. 

In continuation of earlier work, several new tri-, tetra-, and penta-methyl 
homologues of the angular benzacridines, similar derivatives of the related 
3: 4-benzophenarsazine and 3-methyl-1: 2-benzocarbazole, and a large 


number of 9-alkylphenanthridines have been synthesised for testing as 
potential carcinogens. 


Or the 155 possible trimethyl homologues of 1 : 2-benzacridine, only five have hitherto 
been prepared, and only one of the 330 possible tetramethyl homologues has been 
described,? whilst none of the 462 possible pentamethyl derivatives is known. Now, in 
view of the high carcinogenic activity of 1 : 2-benzacridine derivatives, especially in com- 
pounds bearing several alkyl groups,’ it was desirable to synthesise a number of homo- 
logues with three and more methyl substituents, for correlation of their carcinogenic 
potency with physical properties. Especially important were compounds which would 
have a methyl group in the so-called K-region (mesophenanthrenic zone), because of the 
theories which endow this part of the molecule with a predominant réle in carcinogenesis.*® 


oy Me Me 
~ Me 
N Me Zs 
(1) > (Il) 
Me N 


A convenient intermediate for the synthesis of 3-substituted 1 : 2-benzacridines (I) is 
4-methyl-l-naphthol, readily accessible from 1l-naphthol.* Its condensation with 2: 3-, 
2:4-, and 3: 4-dimethylaniline in the presence of paraformaldehyde 7 afforded, in low 
yields, 3:8:9-, 3:7:9-, and 3:7: 8-trimethyl-l : 2-benzacridine; 6:7: 9: 2’-tetra- 
methyl-3 : 4-benzacridine (II) was similarly prepared from 2-naphthol and #-cumidine. 


* Part XX, Buu-Hoi, Jacquignon, and Lavit, J., 1956, 2593. 

1 Buu-Hoi, J., 1949, 670; Senier and Austin, J., 1907, 91, 1233. 

? Buu-Hoi, J., 1946, 792. 

* Cf. Lacassagne, Buu-Hoi, Rudali, and Lecocq, Bull. Cancer, 1946, 38, 48; 1947, 34, 22. 

* Cf. Chalvet, Daudel, Pagés, Roux, Buu-Hoi, and Royer, J. Chim. phys., 1954, 51, 548. 

5 Cf. Pullman and Pullman, ‘“‘ Les théories électroniques de la chimie organique,’’ Masson, Paris, 
1952; Boyland, J. Chim. phys., 1950, 47, 942. 

® Buu-Hoi and Lavit, J., 1955, 2776. 

7 Ullmann and Fetvadjian, Ber., 1903, 36, 1029. 
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An iodine-catalysed Knoevenagel condensation of 4-methyl-l-naphthol with 2:3-, 2:4-, 
2:5-, and 3: 4-dimethylaniline, and with ¢-cumidine, gave the corresponding N-aryl-l- 
naphthylamines, which underwent Bernthsen cyclisations with acetic anhydride ® to give 
3:5:8:9-,3:5:7:9-,3:5:6:9-, and3:5:7: 8-tetramethyl- and 3:5:6:7:9-penta- 
methyl-1 : 2-benzacridine, in excellent yields. Of these polymethylbenzacridines, the 
7 : 8-substituted ones showed comparatively high melting points (>200°), a characteristic 
also found with 5-ethyl-3 : 7 : 8-trimethyl-l : 2-benzacridine (m. p. 193°), prepared from 
N-#-cumyl-l-naphthylamine and propionic anhydride. The m. p.s of all the picrates of 
Y-alkyl-1 : 2-benzacridines were remarkably low, a feature obviously connected with steric 
hindrance around the nitrogen atom, since it does not exist in the 3 : 4-benzacridine series. 

10-Chloro-5 : 10-dihydro-6 : 9-dimethyl-3 : 4-benzophenarsazine provokes _ benign 
tumours in mice on skin painting ® and, in the hope that malignancy might be reached 
with more substituted compounds, the synthesis was undertaken of four trimethyl deriv- 
atives of the nucleus (III) by condensation of the appropriate diarylamines with arsenic 
trichloride.1° For the same reason, 3-methyl-1 : 2-benzocarbazole (IV) was prepared by 
a Japp-Maitland condensation 14 of 4-methyl-l-naphthol with phenylhydrazine and its 
hydrochloride. ; 

Homologues of phenanthridine have rarely been studied, and of the 9-alkyl derivatives 
only the two first members are known.!2_ A large number of higher homologues (V) (listed 
in Table 1) have now been prepared by a slightly modified Morgan—Walls 1° method, from 
the appropriate 2-acylaminodiphenyls listed in Table 2. 


Cl 
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The carcinogenic activity of the benzacridines described is under investigation in this 
Institute (Dr. Zajdela) and will be reported later; several mcso-substituted 1 : 2-benz- 
acridines have proved active. 


EXPERIMENTAL 


Preparation of 2-Acylaminodiphenyls.—The following technique derived from Scarborough 
and Waters’s method !4 was found superior to Morgan and Walls’s procedure : To a water-cooled 
solution of 2-aminodiphenyl (1 part) in anhydrous pyridine (5 parts), the theoretical amount of 
acid chloride (dissolved in ether if solid) was added in small portions with stirring; after a few 
minutes at room temperature, the mixture was treated with dilute hydrochloric acid in excess, 
the amide taken up in benzene, the benzene solution washed with water, then dried (Na,SO,), 
the solvent removed, and the residue distilled in vacuo. The yields ranged from 80 to 98% for 
the pure products, which were recrystallised from light petroleum for the lower homologues, 
and from ethanol for the higher ones. 

Cyclisation of 2-Acylaminodiphenyls.—A mixture of the amide (1 part) and phosphorous 
oxychloride (2 parts) was refluxed on the water-bath for 2 hr., and, after cooling, poured into 
cold water; after basification with sodium hydroxide, the phenanthridine was taken up in 


® Cf. Buu-Hoi and Lecocq, Compt. rend., 1944, 218, 792. 

* Lacassagne, Buu-Hoi, Royer, and Rudali, Compt. rend. Soc. Biol., 1951, 145, 1451. 

1 Lewis and Hamilton, J]. Amer. Chem. Soc., 1921, 48, 2219; Wieland and Rheinheimer, Annalen, 
1921, 423, 1; Burton and Gibson, J., 1926, 2243; Buu-Hoi ef al., Compt. rend., 1945, 220, 50; Rev. scz., 
1944, 82, 453; 1945, 83, 41; /., 1951, 795; 1953, 3584. 

11 Japp and Maitland, /., 1903, 83, 267. 

12 Morgan and Walls, J., 1931, 2447. 

‘8 Cf. Buu-Hoi and Lecocq, Compt. rend., 1944, 218, 792. 

‘4 Scarborough and Waters, J., 1927, 89. 
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benzene, the benzene solution dried over potassium hydroxide, the solvent removed, and the 
residue distilled im vacuo (yield : 65—75%). Crystallisation of the solid bases was best effected 
from aqueous ethanol for the lower homologues, and from ethanol for the higher ones; their 
picrates were recrystallized from ethanol or benzene. 


TABLE l(a). 9-Substituted phenanthridines.* 


Found (%) Reqd. (%) 

Substituent B. p./mm. M. p. or 2p Formula Cc H Cc H 
W-PYGHGPE occcecseccsssse 228° /22 n255 1-6409 C,H, .N 86-7 71 86-8 6-8 
4SOPEOPYA — 000.0000000 232°/34 57° C,H, ;N 86-5 7-0 86-8 6-8 
4SOTIUEYA ccvcccsseccssee 232° /27 nz} 1-6372 Cy,7H,,N 87-0 7-2 86-8 7-3 
n-Pentyl] ...cccrceereees 263°/39 nz> 1-6182 CygH iN 86-8 75 86-7 7:7 
9-HSPE YI ...ccccccccsees 272° /28 51° Cyo>H.3N 86-3 8-6 86-6 8-4 
WUMERCGYE ccccsesccese —- 56 C,,H;,N 86-0 9-4 86-4 9-4 
DWHEVIMOCHE oe cciccccetes -- 64 C,y,H3,N 86-0 9-8 86-4 9-8 
n-Tetradecyl ......... 286°/18 65 C,,7H3,N 86-2 9-8 86-3 9-9 
n-Pentadecy]l ......... 295° /24 67 CygHggN 86-0 10-3 86-3 10-1 
n-Heptadecy] ......... 310°/34 70 CypHg3N 86-3 10-1 86-3 10-4 
cycloHexy] .........+4+ 264° /22 82 C,,H,,N 87-2 75 87-3 7-3 


* In view of the hygroscopic properties of the free bases and their tendency to give solvated 
crystals, the analyses were performed on distilled samples. 


(b) Picrates of 9-substituted phenanthridines. 


Found Reqd. ~ Found Reqd. 
(%) (%) (%) (%) 
Substituent M.p. Formula N N Substituent M.p. Formula N N 
n-Propyl ... 204° C,,H,,O,N, 12-4 12-4 = n-Tridecyl...... 135° C,,H3s,0,N, 9-5 9-5 
isoPropyl... 229 (C,,H,,0,N, 12-6 12-4 n-Tetradecyl... 123 C3;HyO,N, 9-0 9-3 
isoButyl ... 194 C,3H,,O,N, 12-0 12-1 n-Pentadecyl 115 C,,H,,O,N, 9-2 9-] 
n-Pentyl ... 167 (CyH,,0,N, 11-4 ‘11:7  m-Heptadecyl 111 C,;,H,,O,N, 9-0 8-7 
n-Undecyl 149 C,,H,,O;N, 10-3 10-0 cycloHexyl ... 227 C,,H,,O,N, 11-1 11-4 
TABLE 2. 2-Acylaminodiphenyls. 
Found (%) Reqd. (%) 
Acyl group B. p./mm. M. p. Formula Cc H Cc H 
PRETTY cicconcescsccicccesss 228° /22 87° CygH,,ON 80-5 7-4 80°3 7:2 
Ee 225° /25 128 Cy.H,,ON 80-0 7:2 80-3 7:2 
PS a RN 241°/40 101 Cy,H;ON 80-5 75 = 80-6 7-6 
WEMMINE  accicecescncoscses 267° /42 73 C,sH,,ON 81-0 8-0 80-9 7-9 
WADING GL — oscoceccivsceceses 260°/20 72 Cy.H,,ON 81-0 8-8 81-3 8-5 
BAIS. evncdcccnscdareiccess 293°/19 66 C,,H,;0N 82-0 9-2 2-0 9-5 
Myristinoy] .............00+++ 308° /22 68 CysHs,ON 82-2 100 823 9-8 
n-Pentadecanoyl ..........+. —- 71 C.7H3,0N 82-1 10-3 82-4 10-0 
eee -- 75 C,3sH,,ON 82-2 10-2 82-5 10-1 
SRIIIEIE « dasnssnccnsarbassesnes -- 79 C39H,,ON 83-0 10-2 82-7 10-4 
Hexahydrobenzoyl ......... 278° /35 135 CyH,,ON 81-4 7-4 81-7 7-6 


3:8: 9-Trimethyl-1 : 2-benzacridine.—To a boiling mixture of 4-methyl-l-naphthol (5 g.) 
and 2: 3-dimethylaniline (10 g.), paraformaldehyde (1 g.) was added in small portions; when 
evolution of steam had ceased, the mixture was refluxed for 10 min., then fractionated in vacuo. 
The portion boiling at 320—328°/54 mm. was dissolved in hot ethanol and treated with ethanolic 
picric acid. The picrate, which formed deep yellow prisms, m. p. 189°, from xylene, was 
decomposed with aqueous ammonia, giving the acridine, which crystallised as yellowish needles 
(1-5 g.), m. p. 157—-158°, from ethanol—benzene (Found: C, 88-5; H, 6-5. C,9H,,N requires 
C, 88-5; H, 63%). 3:7: 9-Trimethyl-1 : 2-benzacridine, b. p. 300—305°/22 mm., similarly 
prepared from 2: 4-dimethylaniline, formed pale yellow leaflets, m. p. 169°, from benzene 
(Found: C, 88-8; H, 6-3%). 3:7: 8-Trimethyl-1 : 2-benzacridine, b. p. 278—280°/14 mm., 
formed yellowish needles, m. p. 208°, from benzene (Found: C, 88-6; H, 6-5%); its picrate 
crystallised as orange-yellow prisms, m. p. 291° (decomp. > 235°), from xylene (Found: 
N, 10-9. CggH,90,N, requires N, 11-2%). 

6: 7:9: 2’-Tetramethyl-3 : 4-benzacridine (I1).-This compound, prepared from 6-methyl- 
2-naphthol ?* (5 g.), g-cumidine (9 g.), and paraformaldehyde (1 g.), formed yellowish needles, 


18 Dzieworiski, Schoehowna, and Waldmann, Ber., 1925, 58, 1912. 
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m. p. 168°, from ethanol—benzene (Found: C, 88-7; H, 6-5. C,,H, .N requires C, 88-4; 
H, 6-7%); the picrate formed bright yellow needles, m. p. 263—264° (decomp.), from xylene 
(Found: N, 11-2. C,,H,,0,N, requires N, 10-9%). 

N-(2 : 3-Dimethylphenyl)-4-methyl-1-naphthylamine.—A mixture of 4-methyl-l-naphthol 
(15 g.), 2: 3-dimetbylaniline (18 g.), and iodine (0-05 g.) was refluxed for 22 hr., and the product 
taken up in benzene, washed with dilute aqueous sodium hydroxide, then with water, and dried 
(Na,SO,); the residue from evaporation of the solvent gave on distillation in vacuo a product, 
b. p. 256—258°/17 mm., crystallising as colourless needles, (45%), m. p. 72—73°, from ethanol 
(Found : C, 87-0; H, 7-0. C,,H,,N requires C, 87-3; H, 7-3%). 

N-(2: 4-Dimethylphenyl) -4-methyl-1-naphthylamine, b. p. 242—244°/12 mm., similarly 
prepared in 45% yield with 2: 4-dimethylaniline, formed colourless prisms, m. p. 65°, from 
ethanol (Found: C, 87:1; H, 7-0%), and gave a picrate as brown-violet needles, m. p. 126°, 
from ethanol. N-(2: 5-Dimethylphenyl)-4-methyl-\-naphthylamine (yield 52%) was a pale 
yellow, viscous oil, b. p. 244—245°/14 mm., n?° 1-6564 (Found: C, 87-3; H, 75%). N-(3: 4- 
Dimethylphenyl)-4-methyl-\-naphthylamine (yield 70%), b. p. 256—257°/12 mm., formed 
colourless leaflets, m. p. 66—67°, from ethanol (Found: C, 87-0; H, 7:-2%). N--Cumyl-4- 
methyl-1-naphthylamine (yield 70%), was a viscous yellow oil, b. p. 248—249°/13 mm., darkening 
rapidly in air (Found: C, 87-0; H, 8-0. C,9H,,N requires C, 87-2; H, 7-7%). : 

3:5:6:7: 9-Pentamethyl-1 : 2-benzacridine——A mixture of the foregoing amine (9 g.), 
acetic anhydride (10 g.), and freshly fused powdered zinc chloride (9 g.) was refluxed for 40 hr., 
and the cooled mixture treated with hot benzene and 20% aqueous sodium hydroxide in great 
excess. The benzene solution was then dried (KOH), the solvent removed, and the residue 
distilled in vacuo. The portion boiling at 290—295°/13 mm. was converted into a picrate 
which crystallised as golden-yellow prisms, m. p. 219-—-220° (decomp. > 209°), from ethanol ; 
treatment with aqueous ammonia yielded the base (45%), forming yellowish needles, m. p. 155°, 
from ethanol (Found: C, 88-0; H, 7-4. C,,H.,N requires C, 88-3; H, 7-1%). 

3: 5:8: 9-Tetramethyl-1 : 2-benzacridine, b. p. 330—335°/28 mm., yellowish needles, m. p. 
170°, from benzene (Found: C, 88-0; H, 6-4%), gave a picrate forming deep yellow prisms, 
m. p. 162°, from xylene. Similar low-melting picrates had already been reported,'® and have 
recently been observed with sterically hindered 1: 2-benzanthracenes.1? 3:5:7: 9-Tetra- 
methyl-1 : 2-benzacridine formed (from ethanol—benzene) yellowish needles, melting at 175’, 
resolidifying, and melting again at 183° (Found: C, 88-3; H, 6.4%), and gave a yellow picrate, 
m. p. 164° (decomp. > 160°), from ethanol. 3:5: 6: 9-Tetramethyl-1 : 2-benzacridine, yellow 
needles, m. p. 188°, from ethanol—benzene (Found: C, 88-0; H, 6-6%), gave a picrate 
crystallising as deep yellow needles, m. p. 184° (decomp. > 170°), from benzene. 3:5:7: 8- 
Tetramethyl-1 : 2-benzacridine (yield 50%), pale yellow leaflets, m. p. 206°, from ethanol- 
benzene (Found: C, 88-1; H, 6-7°%), gave a picrate which formed deep yellow leaflets, m. p. 
281° (decomp. > 250°), from xylene (Found: N, 10-6%). Its homologue, 5-ethyl-3: 7: 8- 
tvimethyl-1 : 2-benzacridine, prepared in 50% yield from N-(3 : 4-dimethylpheny]l)-4-methy]l-1- 
naphthylamine (9 g.), propionic anhydride (9 g.), and zinc chloride (9 g.), formed pale yellow 
needles, m. p. 193°, from ethanol (Found : C, 88-2; H, 7-0. C,,H,,N requires C, 88-3; H, 7-1%) 
giving a picrate, deep yellow leaflets, m. p. 243—244° (decomp. > 198°) (Found: N, 10-3. 
C.,H,,0,N, requires N, 10-6%). 

3-Methyl-1 : 2-benzocarbazole (IV).—A mixture of 4-methyl-1-naphthol (4 g.), phenylhydrazine 
(8 g.), and anhydrous phenylhydrazine hydrochloride (4 g.) was refluxed for 1 hr., and dilute 
hydrochloric acid added after cooling; the product was taken up in benzene, and the benzene 
solution washed with aqueous sodium hydroxide, then with water, and dried (Na,SQ,). The 
residue after evaporation of the solvent was distilled im vacuo, and the base crystallised from 
ethanol to give colourless prisms, m. p. 169° (Found: C, 88-5; H, 5-5. C,,H,,;N requires 
C, 88-3; H, 5-7%). 

10-Chlovo-5 : 10-dihydro-2 : 6: 7-irimethyl-3 : 4-benzophenarsazine.—A solution of N-(2: 3- 
dimethylpheny])-4-methyl-l-naphthylamine (1 g.) and arsenic trichloride (1 g.) in anhydrous 
o-dichlorobenzene (5 g.) was gently refluxed for 1 hr.; the precipitate obtained on cooling 
formed orange-yellow prisms (1 g.), m. p. 229° (decomp. > 200°), from benzene (Found: 
C, 61-4; H, 4-6. C,,H,,NCIAs requires C, 61-7; H, 4-6%), giving a blood-red halochromy in 
sulphuric acid. 


16 Cf. Senier and Austin, J., 1907, 91, 1240. 
17 Orchin, J. Org. Chem., 1951, 16, 1165. 
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10-Chloro-5 : 10-dihydro-2 : 6 : 8-trimethyl-3 : 4-benzophenarsazine formed yellow prisms, 
m. p. 261° (decomp. > 230°), from benzene (Found: C, 61-5; H, 43%), giving a red halo- 
chromy in sulphuric acid; the 2: 6: 9-trimethyl-isomer formed greenish-yellow needles, m. p. 
250° (decomp. > 208°), from benzene, giving a brown-red halochromy (Found: C, 61:3; 
H, 44%); the 2:7: 8-trimethyl-isomer, orange-yellow needles, m. p. 284° (decomp. > 224°), 
from xylene (Found : C, 61-5; H, 4-3%), gave a vermilion halochromy. 


This work is part of a cancer research scheme (Professor A. Lacassagne), undertaken with the 
financial aid of the U.S. Dept. of Health, Education, and Welfare; the authors thank the 
authorities concerned. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
THE Rapium INSTITUTE, UNIVERSITY OF PARIS. (Received, August 15th, 1956.) 


100. Solvent Extraction Studies with Polonium. 
By Kk. W. BAGNALL and D. S. ROBERTSON. 


The extraction of polonium from hydrochloric acid solution by dithizone 
may involve the complex PoODz,, and the complex PoCl,,2TBP may be 
formed in the extraction with tributyl phosphate. The dependence of the 
partition coefficient on the acid concentration of the aqueous phase has been 
determined for both complex-forming agents. 


BouISSIERES and FERRADINI? have reported the efficient extraction of tracer polonium 
from nitric or hydrochloric acid solution at pH 0-2—5 by dithizone (DzH); the polonium 
was recovered by washing the organic phase with 4n-hydrochloric acid. Ishimori? found 
that the dependence of the partition coefficient on the acid concentration, in the extraction 
of tracer polonium from nitric acid solution, indicated the formation of a complex con- 
taining two dithizonate ions, probably PoODz,, since the polonium, under the reported 
conditions, would be present in the quadrivalent state. 

Karracker and Templeton* have reported the extraction of tracer polonium from 
6n-hydrochloric acid into a 1 : 4 mixture of tributyl phosphate (TBP) and dibutyl ether, 
with a partition coefficient of 110 in favour of the organic phase. The polonium can be 
recovered by back-washing with concentrated nitric acid.* 

It is difficult to obtain consistent partitions with millicurie amounts of polonium owing 
to the rapid radiation decomposition of the organic complex-forming agents; in the case 
of dithizone, the green colour of a 1-19 x 10-°m-solution in chloroform was completely 
discharged after 30 minutes’ extraction from 10“m-polonium solution in hydrochloric acid, 
and the organic phase then contained little polonium; the radiation decomposition is even 
more rapid in extractions from nitric acid solutions of polonium, or in the presence of 
hydroxylamine, and consistent results could not be obtained in either case. The partition 
coefficients obtained by keeping the two phases in contact for 5 minutes were reasonably 
constant and reproducible within +4% for both tributyl phosphate and dithizone solution, 
and all the extractions were therefore carried out for 5 minutes only; it was not possible 
to approach the equilibrium from both sides as in the procedure of Irving et al.5 

Dithizone Extractions —When a solution of dithizone, HDz, in an organic solvent 
immiscible with water is shaken with an aqueous solution of a cation, M"*, so that a metal 


1 Bouissiéres and Ferradini, Analyt. Chim. Acta, 1950, 4, 610. 
? Ishimori, Bull. Chem. Soc. Japan, 1954, 27, 520. 

3 Karracker and Templeton, Phys. Rev., 1951, 81, 510. 

* Meinke, American Report AECD-2738, Sec. 84-1, 1949. 

5 Irving, Bell, and Williams, J., 1952, 356. 
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complex, MDz,, is formed which is soluble in the organic phase, but not in the aqueous t] 
phase, the partition equilibrium can be represented by : : Ir 
(MDz,)./(M"*)w = Kpo = C({HDz),/{H}.)” a 
or logy Kpo = logy) C + n(logyo [HDz]. + pH) (Irving e ai.*). C is a constant and the in 
subscripts 0, w refer to the organic and aqueous phases respectively. The results obtained oC 
in the present work can be represented graphically as a linear plot of logy, Kp. against T 
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(logy» |HDz}, + pH), the value of n being 1-8; it should be noted that the values obtained chlo 
at a constant pH of 0-1 (N-HCl) and varying dithizone concentration give a better straight ——— 
line than the results for constant dithizone concentration and varying pH (Fig. 1). The T BI 
complex is therefore probably PoODz,, since the polonium remains in the quadrivalent duci 
state under the conditions of these experiments and it appears that at least a part of the 
polonium is present as the polonyl (PoO**) ion. I 
The complex is bright red in concentrated solutions in chloroform and it can also be requ 
prepared as a red solid by shaking a suspension of polonium “ hydroxide ”’ with an alkaline P 
solution of dithizone. It was not possible to determine the meiting and boiling points of 1944, 
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the complex, or to analyse it, since it charred rapidly as a result of the intense «-bombard- 
ment. 

The extractions from <0-05n-acid were extremely inconsistent owing to the hydrolysis 
of the polonium tetrachloride, and consequently the partition data could be obtained only 
in regions of high acidity, which is unsatisfactory since extensive complex-ion formation 
occurs under these conditions; buffered solutions could not be used for the same reason. 
The absorptiometric determination of the excess of dithizone remaining in the organic 
phase could not be carried out owing to the rapid radiation decomposition, and the recorded 
concentrations refer to the original dithizone concentration less an allowance for the 
polonium complex. No allowance could be made for the dithizone decomposed by the 
a-radiation; in some of the experiments this might amount to about 10% of that present. 
Determinations of the solubility of polonium tetrachloride were also made, but these were 
inconclusive. 

Extractions with Tributyl Phosphate-—The variation of the partition coefficient, 
Kpo(= [Po],/[Po],), with hydrochloric acid concentration is shown in Fig. 2 and the 
dependence on tributyl phosphate concentration is shown in Fig. 3. In the latter the plot 
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© 6n-HCl. 6 8N-HCI. 


is approximately linear and of slope 3, suggesting the formation of a yellow complex with 
3 molecules of the phosphate. This result is probably fortuitous and determinations of 
the solubility of solid polonium tetrachloride in solutions of the phosphate in decalin 
indicate the formation of a yellow complex PoCl,,2TBP : PoCl, + 2TBP == PoCl,,2TBP, 
for which the equilibrium constant K, = [PoCl,,2TBP]/[TBP}? is about 0-04 at 22° (see 
Table). 


TBP (moles per 1. of decalin) Solubility of PoCl, (c/l.) | PoCl, (10-* mole/I.) K, 
0-037 52 55-5 0-0405 
0-055 112 119 0-0395 
0-074 220 235 0-0428 


The solvent-extraction results obtained with tributyl phosphate were not very repro- 
ducible and any calculation to determine the species involved would be speculative. It 
may be significant that the maximum on the Kp,-[HCl] curve (Fig. 2) occurs at 7N-hydro- 
chloric acid, which is in the region where the undissociated acid was extracted into the 
organic phase. If the tributyl phosphate forms complexes with the extracted acid (e.g., 
TBP,»HCl), its concentration available for complexing with the polonium will fall, pro- 
ducing an effect similar to that observed in Fig. 2. 


EXPERIMENTAL 
Dithizone.—Dithizone was purified by Sandell’s method * and the normal precautions 
required for the preparation of the reagents used for work with dithizone were observed (see, 


® Sandell, ‘‘ Colorimetric Determination of Traces of Metals,”” New York, Interscience Publ. Inc. 
1944, p. 89. 
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e.g., Irving e¢ al.5)._ The concentration in the final chloroform solution (10-°M) was determined 
by extractive titration against 0-01n-silver nitrate solution;* the change in the dithizone 
concentration in the organic phase was followed with a Spekker absorptiometer (1 cm. cell; 
Ilford orange filter No. 607; tungsten lamp). The method eliminates the final evaporation 
of the chloroform solution which frequently results in the loss of a part of the purified dithizone 
owing to its thermal instability. The reproducibility of the method is better than 1%. The 
extinction coefficients of dithizone in solution in chloroform at 440, 505, and 605 my were 
measured in order to check the titration results, the values being in good agreement with 
previous work. A Hilger Uvispek spectrophotometer was used for these measurements. 

Estimation of polonium dithizonate by «-counting requires care since tracer amounts of the 
dithizonate vaporise at about 120°. This was confirmed in the present work when it was 
found that considerable losses of polonium occurred on evaporation of aliquot parts of the 
dithizonate solution on a hot-plate, even after hydrogen peroxide, chlorine water, or concen- 
trated nitric acid had been added in an attempt to decompose the polonium dithizonate. 
Consistent results were obtained by allowing aliquot parts of the chloroform solution to 
evaporate at room temperature. 

Tributyl Phosphate.—Equal volumes of tributyl] phosphate and N-sodium hydroxide were 
boiled until about half of the aqueous layer had distilled; the tributyl phosphate was then 
separated and dried at 60° in a current of dry air.° Since the density of the ester is close to 
that of water, good phase separation can be achieved only by diluting it with a water-immiscible 
solvent of markedly different density. This diluent must not extract polonium under the 
conditions of the experiment. Ethers should be avoided since they tend to form peroxides 
under the intense «-bombardment. 

Determinations of Partition.—Preliminary experiments with the tributyl phosphate—polonium 
tetrachloride—hydrochloric acid system were made with solutions of the tetrachloride which 
contained small amounts of lanthanum as carrier; the results were unsatisfactory since the 
effect of the additional chloride ion (from the lanthanum trichloride) was uncertain. Later 
work with both complex-forming agents was carried out with pure carrier-free polonium tetra- 
chloride, prepared as described previously.14_ About 30 ug. (~100 mc) of polonium tetra- 
chloride were used for each experiment. In each determination, equal volumes (3 ml.) of the 
polonium solution and of the organic phase were placed in a 10 ml. centrifuge tube and agitated 
by means of an air-pulsing device.12 The phases were finally separated by centrifugation 
and assayed for polonium by «-counting. 

Solubility Determinations.—The techniques used for the determination of the solubility of 
polonium tetraiodide }* were used in this work, all of which was carried out in a dry-box in 
order to minimise the hazards involved in the handling of large amounts of polonium.’ 


The authors are indebted to Dr. H. Irving for many helpful discussions. 


UnITED KiInGpomM ATOMIC ENERGY AUTHORITY, 
HARWELL, NR. Dipcot, BERKS. (Received, August 24th, 1956.) 


7 Bagnall and Robertson, British Report AERE C/R 1935, 1956. 


® Cooper and Sullivan, Analyt. Chem., 1951, 23, 613; Landry and Redondo, ibid., 1954, 26, 732; 


Irving and Bell, unpublished work. 
* Kimura and Mabuchi, Bull. Chem. Soc. Japan, 1955, 28, 535. 
1° Grimley, personal communication. 
11 Bagnall, D’Eye, and Freeman, J., 1955, 2320. 
12 Bagnall and Miles, J. Sci. Instr., 1953, 30, 172. 
13 Bagnall, D’Eye, and Freeman, J., 1956, 3385. 
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101. Mandelamidines as Potential Bronchodilators. 
By N. W. Bristow. 


Several mandelamidines were prepared by standard methods for pharma- 
cological test, but none had pronounced bronchodilator activity. 


THE compounds adrenaline (I; R = R’ = OH, R” = Me), isoprenaline (I; R = R’ = 
OH, R = Pr’), and phenylephrine (I; R=H, R’ = OH, R” = Me) are well-known 
bronchodilators. As part of the synthetic programme of these laboratories, a series of 
mandelamidines (II) and the related 4 : 5-dihydroglyoxalines (III), structurally analogous 


NR? — Na 
nD nan” nC owe’ = Ke por’ | 
OH oH NRR OH ‘NH—CH, 


. (I) Re (11) [= 6?a-m 
to (I), has been prepared. A few of these compounds have been described in the literature, 
but there is no account of their pharmacological properties. None of them showed more 
than a slight bronchodilator activity in the guinea-pig aerosol test. 

The mandelonitriles (IV) were prepared from the corresponding aldehydes by standard 
methods. For the nitriles (IV; R’ = Ph-CH,O, R =H or Ph°CH,°O) the method of 
Butenandt and Schmidt-Thomé ! had to be used since simpler methods failed. Treating 
the nitriles in ethereal solution with ethanol and dry hydrogen chloride gave the ethyl 
mandelimidate hydrochlorides (V), which with ammonia or an amine in ice-cold absolute 


— ,NH,HC! NH 
oe 4 
OH ; OH “oet OH ~NH-CH,-CH,-NH,,HCI 


(IV) . w) ron 
ethanolic solution gave the corresponding amidines (II). When ethylenediamine was used,? 
intermediate substances, believed to be the 2-aminoethylamidines (VI), were formed. 
These substances were unstable, losing ammonia readily in hot ethanolic solution, and 
slowly in the solid state at room temperature, to give the dihydroglyoxalines, which were 
also formed directly in hot ethanol from the imidate hydrochlorides (cf. I.G. Farben- 
industrie %), or from the amidinium chlorides. 


EXPERIMENTAL 
m-Benzyloxybenzaldehyde——A mixture of m-hydroxybenzaldehyde (41 g., 0-33 mol.), 


5 
anhydrous potassium carbonate (50 g., 0-36 mol.), benzyl chloride (50 g., 0-39 mol.), sodium 
iodide (2 g.), and 95% ethanol (150 c.c.) was stirred and refluxed for 4-5 hr. Water (100 c.c.) 
was added and the mixture was concentrated at 30 mm. to remove ethanol and benzyl chloride 
and poured into a mixture of N-sodium hydroxide (250 c.c.) and ice (109 g.)._ The solid product 
was crushed under the alkaline liquor and collected, washed with water, and drained. It was 
used in this condition for the preparation of the cyanohydrin; however, the yield of dried 
material in several runs was 94—100%, and the m. p. was 54° (Rapson and Robinson * give 
m. p. 54°). 

3 : 4-Dibenzyloxybenzaldehyde.—Similarly, 3 : 4-dihydroxybenzaldehyde gave the dibenzyl 
ether in quantitative yield, m. p. 89° (Burton and Praill § give m. p. 91°). 

Preparation of Ethyl Mandelimidate Hydrochlorides.—Mandelonitriles were prepared by 
three methods: (a) mandelonitrile and m-methoxymandelonitrile by the method of Corson 


1 Butenandt and Schmidt-Thomé, Ber., 1938, 71, 1487. 
2 Sonn, G.P., 615,227. 

3 1.G. Farbenindustrie, B.P., 422,057. 

* Rapson and Robinson, /J., 1935, 1533. 

5 Burton and Praill, J., 1951, 522. 
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et al.;* (b) m- and p-chloro- and 3 : 4-dimethoxy-mandelonitrile by Kostanecki and Lampe’s 
method; 7 (c) m-benzyloxy- and 3 : 4-dibenzyloxy-mandelonitrile by Butenandt and Schmidt- 
Thomé’s method.!' The crude nitriles were dissolved in dry ether, and ethanol {1 mol.) and 
hydrogen chloride (1-2 mols.) were added below 10°. The solutions were stored at 0° for 24 
36 hr. and the imidate hydrochlorides were collected, washed with ether, and dried im vacuo, 
There were thus obtained ethyl mandelimidate hydrochloride (56% from benzaldehyde), m. p. 
125° (decomp.) (Bayer ® gives m. p. 124—125°), methyl m-methoxy- (18%), m. p. 96° (decomp.) 
[King et al.® give m. p. 105° (decomp.)], ethyl m-methoxy- (34%), a waxy solid, m-chloro- (60%), 
m. p. 117° (decomp.), p-chloro- (65%), m. p. 115° (decomp.), 3 : 4-dimethoxy- (55%), m. p. 129° 
(decomp.) (Fulton and Robinson !® give m. p. 139—140°), m-benzyloxy- (75%), m. p. 118° 
(decomp.) (Found: N, 4-5. (C,;H,,O;NCl requires N, 4-4%), and 3: 4-dibenzyloxy-mandel- 
imidate hydrochloride (69%), m. p. 105° (decomp.). 

Preparation of Amidines.—The imidate hydrochlorides were added to an ice-cooled ethanolic 
solution of ammonia (5 mols.) or the amine (1-04 mols.), and the amidinium chlorides were 


Amidinium chlorides [hydrochlorides of (I1)). 


Yield Cryst. Found Required 

R! R? R: R‘R® (%) M.p. from Formula N(%) N(%) 

H H H H, 57 218— Af C,H,,ON,Cl 15°15 15-0 
219° *¢ 
H H C,H,,° H, 56 204 B CyH,,ON,Cl* 10-7 10-4 
H MeO H H, 66 1904 C C,H,,0,N,Cl 13-3 12-9 
H MeO Me H, 35 122— B_  (C,4,H,,;0,N,Cl* 11-7 12-15 
123 
H MeO Pri H, 62 169 B C,.H,,0,.N.Cl% 11-1 10-8 
H Cl H H, 20 141* B C,H,,ON.Cl,% 12-8 12-7 
Cl H H H, 38 254** A C,H,,ON,Cl, 13-0 12-7 
MeO MeO H H, 50 4 86204* A Cy, )H,,;0,;N,Cl 11-7 11-4 
H Ph-CH,O H H, 68 180 B C,,;H,,0,N,Cl 9-9 9-6 
H Ph-CH,,O Me H, 72 149— B  C,.H,,0.N,Cl 9-1 9-1 
150 

H Ph-CH,-O Me MeH 44 222 C C,,H,,0,N,Cl 8-9 8-7 
H Ph-CH,,O H Me, 55 161 B C,,H,,0,N,Cl 8-8 8-7 
H Ph-CH,-O Pr! H, 81 178 B  C,,H,;0,N,Cl 8-4 8-4 
H Ph-CH,°O n-C,H,, H, 73 114 B C,H,,0,N,Cl 7-5 7-2 
H Ph°CH,O C,H,,° H, 78 161 B- C,,H,,0,N,Cl 7-6 7-5 
H Ph°CH,-O Et,N°-CH,CH, H, 81 150 B  C.,;H3,O,N;Cl 10-8 10-7 
Ph-CH,-O Ph-CH,O H H, 56 214 A C,,H,,;0,N,Cl 6-8 7-0 
Ph°CH,°O Ph-CH,-O Me H, 80 173 B C,,H,,0,N,Cl 7-1 6-8 
Ph-CH,°O Ph°CH,:O Pr! H, 66 155 B 25f12903,N,Cl 6-5 6-4 
H HO H H, 88 201 B- C,H,,0,N,Cl 14-0 13-8 
H HO Me H, 74 215 C C,H,,0,N.ClI 13-3 12-9 
H HO H Me, 84 190 C Cy H,,0O,.N.Cl 11-8 12-1 
H HO Pri H, 92 207°5 B  C,,H,,0,N,Cl 11-6 11-5 
H HO n-C,H,, H, 91 170 D C,,;H,,0,N,Cl 9-2 9-3 
H HO C,H,,° H, 62 170 B “%,,4H,,0,N,Cl 9-9 9-8 
HO HO H H, 74 192 * B  C,H,,0,N,Cl 12-65 12-8 
HO HO Me H, 81 162 B- C,H,,0,N,Cl* 12-2 12-05 
HO HO Pri H, 99 208 * D_ C,,H,,0;N,Cl' 10-6 10-8 


* M. p. with decomp. f A = EtOH, B = EtOH-Et,0, C = EtOH-EtOAc, D = MeOH-Et,0. 

« Bayer ® gives m. p. 214°. * cycloHexyl. * Found: Cl-, 13-1. Reqd.: Cl-, 13-2%. 4 King 
et al.® give m. p. 190°. * Found: Cl-, 15-6. Reqd.: Cl-, 15-4%. / Found: Cl-, 13-7. Reqd.: 
Cl~, 13-7%. % Found: Cl-, 16-6. Reqd.: Cl-, 161%. * Rule™ gives m. p. 252—253° (decomp.). 
J Found: C, 50-2; H, 6-1. Reqd.: C, 49-9; H,6-0%. * Found: Cl-, 15-5. Reqd.: Cl-, 15-2%. 
' Found: Cl-, 13-8. Reqd.: Cl-, 13-6%. 


collected, after the mixture had been kept at 0° for 8—18 hr., and recrystallised, in most cases 
from ethanol-ether. Phenols (II; R = R’ = OH) were prepared by hydrogenating the benzyl 
ethers in methanol at normal temperature and pressure with palladium-—charcoal. Results are 
summarised in the Table. 


* Corson, Dodge, Harris, and Yeaw, Org. Synth., Coll. Vol. I, 2nd edn., p. 336. 
7 Kostanecki and Lampe, Ber., 1909, 42, 827. 

® Bayer, J. prakt. Chem., 1885, 31, 382. 

* King, King, and Muir, /., 1946, 5. 

1@ Fulton and Robinson, /., 1933, 1463. 

11 Rule, /., 1918, 118, 3. 
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4: 5-Dihydro-2-a-hydroxybenzylglyoxalinium Chloride.—Ethyl mandelimidate hydrochloride 
(10-75 g.) was added to a solution of anhydrous ethylenediamine (3-6 c.c.) in absolute ethanol 
(50 c.c.) below 5°. The mixture began to crystallise almost immediately; after 1 hr. at 0° the 
product was filtered off, washed with ethanol, and dried in vacuo. N-(2-Aminoethyl)mandel- 
amidinium chloride (8-8 g.) was thus obtained as plates, m. p. 172—-184° (dependent on the rate 
of heating) (Found: N, 18-3; Cl, 14-9. C,9H,,ON,Cl requires N, 18-3; Cl-, 15-5%). The 
compound slowly evolved ammonia in the cold. It was recrystallised from ethanol, a slight 
excess of 3N-alcoholic hydrogen chloride being added, to give 4 : 5-dihydro-2-e-hydroxybenzyl- 
glyoxalinium chloride (6-3 g., 60%) as prisms, m. p. 219—221° (Found: N, 13-3. Calc. for 
Cy 9H,,ON,Cl: N, 13-2%) (Tilford e¢ al.12 give m. p. 224—226°). When prepared by the 
method of I.G. Farbenindustrie * the dihydroglyoxalinium chloride was obtained in 45% yield, 
m. p. 219—-223°, after recrystallisation from ethanolic hydrogen chloride. 

2-(p-Chloro-a-hydroxybenzyl)-4 : 5-dihydroglyoxalinium Chloride.—When ethylenediamine (10 
c.c.) was added to p-chloromandelamidinium chloride (8-8 g.) there was a vigorous reaction with 
copious evolution of ammonia. When this reaction had subsided the mixture was refluxed with 
ethanol (45 c.c.) for 1 hr., cooled, and diluted with ether (100c.c.). 2-(p-Chloro-«-hydroxybenzyl)- 
4 : 5-dihydroglyoxaline—ethylenediammonium chloride double salt (8-7 g.; m. p. 132—134°) was 
collected after 2 hr. at 0° and recrystallised from ethanol—ether (charcoal) to give rhombs (5-1 g., 
52%), m. p. 138—140° (Found: N, 16-1; Cl, 20-8. C,,H,,ON,Cl, requires N, 16-3; CI-, 
20-7%). The double salt was dissolved in hot ethanol (40 c.c.), and a slight excess of ethanolic 
hydrogen chloride was added. Ethylenediammonium chloride was filtered off. The filtrate 
was concentrated to 15 c.c. and ether was added slowly, precipitating the dihydroglyoxalinium 
chloride as thin rhombs (1-4 g., m. p. 178°) (Found: N, 11-5; Cl~, 14-4. C,,9H,,ON,Cl, requires 
N, 11-3; Cl-, 14-4%). 

2-(m-Benzyloxy-a-hydroxybenzyl)-4 : 5-dihydroglyoxalinium Chloride——When prepared by 
the method used for the p-chloro-compound (above), this dihydroglyoxalinium chloride was 
obtained as thin rhombs, m. p. 198°, in 66% yield (Found: N, 8-6. C,,H,,O,N,Cl requires N, 
8-8%) [free base, plates, m. p. 156+—-162° (Found: C, 72-1; H, 6-5; N, 10-2. C,,H,,0.N, 
requires C, 72-3; H, 6-4; N, 9-9%)]. When prepared by adding ethyl m-benzyloxymandel- 
imidate hydrochloride to ice-cold ethanolic ethylenediamine (1-1 mols.), N-(2-aminoethyl)-m- 
benzyloxymandelamidinium chloride was obtained as the initial product as plates, m. p. 151— 
173° (Found: N, 12-1; Cl-, 10-4. C,,H,.O,N,Cl requires N, 12-5; Cl~, 10-6%). Recrystallis- 
ation from ethanolic hydrogen chloride-ether converted this into the dihydroglyoxalinium 
chloride (59%), m. p. 195—197°. 

2-(3 : 4-Dibenzyloxy-a-hydroxybenzyl)-4 : 5-dihydroglyoxaline.—Treating the mandelimidate 
hydrochloride with ice-cold ethanolic ethylenediamine (1-3 mols.), followed by two recrystallis- 
ations of the crude product from 95% ethanol, afforded 2-(3 : 4-dibenzyloxy-a-hydroxybenzyl)- 
4 : 5-dihydroglyoxaline (21%) as plates, m. p. 160—161° (Found: C, 74:0; H, 6-15; N, 7-25. 
Cy4H,,O,N, requires C, 74-2; H, 6-2; N, 7-2%). The method of I.G. Farbenindustrie * gave 
only 3 : 4-dibenzyloxymandelamide (66%) as prisms, m. p. 119°, from 95% ethanol (Found: C, 
71-7; H, 5-7; N, 4:2. C,.H,,0O,N requires C, 72-7; H, 5-8; N, 39%), readily hydrolysed to 
3 : 4-dibenzyloxymandelic acid (76%), obtained as needles, m. p. 137°, from ethyl acetate (Found : 
C, 72-4; H, 5-2; N,0-0. C,,H,,O; requires C, 72-5; H, 5-5%). 

4 : 5-Dihydro-2-(« : 3: 4-trihydroxybenzyl)glyoxalinium Chloride.—Hydrogenation (palladium— 
charcoal) of the dibenzyl ether in methanol containing one equivalent of hydrogen chloride 
afforded 4: 5-dihydro-2-(« : 3: 4-trihydroxybenzyl)glyoxalinium chloride (64%) as needles, 
m. p. 174—175°. I.G. Farbenindustrie * give m. p. 174—176°. 


The author is indebted to Dr. D. A. Peak for advice, to Miss G. L. M. Harmer and Dr. M. R. 
Gurd for the pharmacological tests, and to Mr. A. Beighton for experimental assistance. 


RESEARCH LABORATORIES, Boots Pure Druc Co. Ltp., 
NOTTINGHAM. [Received, October 3rd, 1956.] 


2 Tilford, Van Campen, and Shelton, J. Amer. Chem. Soc., 1949, 71, 1885, 
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102. The Ehrlich—Sachs Reaction. 
By F. BELL. 


The course of the reaction between NN-dimethyl-p-nitrosoaniline 
and cyanoacetamide in alcohol has been established as (I) —» (II) 
—+» (III). Nitrosobenzene with cyanoacetamide, methyl cyanoacetate, or 
ethyl cyanoacetate does not yield normal Sachs compounds, but gives 
NPh‘C(CN):NPh-OH. 


By the addition of aqueous sodium carbonate to a mixture of cyanoacetamide and NN- 
dimethyl-p-nitrosoaniline in ethanol Sachs} obtained a compound (I), m. p. 220—221°, 
which formed red needles with a blue reflex. McGookin,? using the same components in 
methanol and with solid potassium carbonate as condensing agent, obtained an isomeride 
which formed brown plates, m. p. 172°. This appeared to constitute an interesting 
example of isomerism of the oxime type and merit further examination. 

It was soon found that Sachs’s compound is produced from the two components under 
a variety of conditions and is, indeed, obtained in almost quantitative yield when methanol 
is used as solvent and potassium carbonate as condensing agent. When heated in methanol 
it loses hydrogen cyanide and passes into McGookin’s compound, which is of different 
empirical formula and is now regarded as having formula (IIa). A similar compound 
(I15) is obtained by use of ethanol as solvent. All of the compounds (I), (IIa), and (IIb) 
are converted into the oxamide (III) by passage of steam into suspensions in dilute aqueous 
potassium carbonate solution. Compound (III), which is analogous to 4-dimethylamino- 
benzanilide prepared by Barrow and Thorneycroft ® by interaction of benzyl cyanide with 
NN-dimethyl-f-nitrosoaniline, is obtained most readily by the addition of 10% aqueous 
sodium hydroxide to a boiling ethanolic solution of molecular proportions of cyanoacetamide 
and NN-dimethyl-f-nitrosoaniline. Analogous compounds were prepared by the same 
method from nitrosobenzene, N-methyl-p-nitrosoaniline, and NN-diethyl-f-nitrosoaniline. 


JEN /OR yy, 
Me,N-C,HyN:C< ——> Me.N-C,HyNiCC —> Me,N-C,H,NH-Cc 
‘CO-NH, \CO-NH, CO-NH, 
(1) (IIa) R= Me. (IIb) R= Et. (III) 
~P? 
HO-NPh-C(CN)(CX  )-NPh-OH (IV) R= NH, or OEt 


All the condensations described by Sachs ¢ and later workers have involved the inter- 
action of the nitroso-compound with one molecular proportion of the reactive methylene 
compound, irrespective of the initial proportions of the reactants. Further examples are 
provided in the present paper by the condensations of NN-dimethyl-p-nitrosoaniline with 
methyl and ethyl cyanoacetate, of N-methyl-f-nitrosoaniline with cyanoacetamide, of 
p-nitroso-N N-di-n-propylaniline with methyl cyanoacetate and of 3: N : N-trimethyl-4- 
nitrosoaniline with methyl cyanoacetate. It is now found that two other types of behaviour 
are possible. 

Nitrosobenzene with cyanoacetamide or ethyl or methyl cyanoacetate in methanol or 
ethanol and with potassium carbonate as condensing agent gave a bright yellow compound 
regarded as a-cyano-N-hydroxy-NN’-diphenylformamidine, NPh:C(CN)-NPh-OH, prob- 
ably produced via (IV). It is readily soluble in cold sodium hydroxide solution to yield 
a bright orange solution, which becomes cloudy when warmed, with liberation of aniline. 
The compound yields acetyl, propionyl, benzoyl, and methyl derivatives and the hydroxyl 

Sachs, Ber., 1900, 38, 959. 
McGookin, J. Appl. Chem., 1955, 5, 65. 


1 

2 

* Barrow and Thorneycroft, J., 1939, 769. 

* Sachs ef al., Ber., 1901, $4, 120, 494; 1902, 35, 1224, 3319; 1903, 36, 3234. 
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group may be replaced by chlorine by use of thionyl chloride. It undergoes complete 
decomposition with #-nitrophenyl isocyanate or with toluene-f-sulphonyl chloride in 
pyridine. 


EXPERIMENTAL 


Sachs’s Compound (1).—(a) Anhydrous potassium carbonate (5 g.) was stirred into a 
suspension of cyanoacetamide (1 g.) and NN-dimethyl-p-nitrosoaniline (1-8 g.) in methanol 
(10 c.c.). After the brisk reaction the mixture was immediately diluted with water, and the 
bright red precipitate filtered off. It had m. p. 220—226° (decomp.),- raised to 230° by 
recrystallisation from 2-ethoxyethanol (Sachs gives m. p. 220—221°). Use of NN-diethyl-p- 
nitrosoaniline gave the much more soluble diethylamino-analogue, which readily recrystallised 
from ethanol as red prisms with a blue reflex, m. p. 165° (Sachs gives m. p. 165—166°). (5) 
The same products were obtained, but in inferior yield, by addition of a few drops of piperidine 
to warm solutions of the mixed components in ethanol or pyridine. 

McGookin’s Compound (IIa).—Sachs’s compound (1 g.; m. p. 230°) and potassium car- 
bonate (4 g.) in methanol (20 c.c.) were heated on a steam-bath for 1 hr. The brown solution, 
on dilution, gave plates which recrystallised from ethyl acetate to form straw-coloured 
needles, m. p. 182° (decomp.) (McGookin gives m. p. 172°) (Found: C, 59-8; H, 6-6; N, 18-6. 
Cale. for C,,H,,O,N,: C, 59-7; H, 6-8; N, 19-0%). Boiling this with sodium hydroxide 
solution afforded ammonia and, on cooling, the solution set to a starch-like paste. 

This experiment was repeated with ethanol as solvent but only tar was obtained. Sachs’s 
compound (I) (1 g.) was added to ethanol (15 ¢.c.) containing a little dissolved sodium and the 
mixture heated on a steam-bath for 20 min. The solution was treated with water and the 
precipitate crystallised from ethyl acetate, to give N-(«-carbamoyl-a-ethoxymethylene)-N’N’- 
dimethyl-p-phenylenediamine (IIb) as pale brown needles, m. p. 176° (decomp.) (Found: C, 61-4; 
H, 7-1. C,,H,,0O,N; requires C, 61-3; H, 7-2%). 

On passage of steam into Sachs’s compound (I) suspended in water containing a small 
amount of potassium carbonate the red colour was rapidly discharged and hydrogen cyanide 
evolved. The pale yellow product, after recrystallisation from water, ethanol, o-dichloro- 
benzene, or cyclohexanone, gave p-dimethylaminophenyloxamide (III) as fine needles, m. p. 
257—260° (Found: C, 58-7; H, 6-1; N, 20-1. C,)9H,,0,N; requires C, 58-0; H, 6-3; N, 20-3%). 
It was also obtained when compound (IIa) or (IIb) was submitted to the same treatment, but 
was most readily prepared in the following way. Sodium hydroxide (1 g.) in water (10 c.c.) 
was added to a boiling solution of NN-dimethyl-p-nitrosoaniline (3 g.) and cyanoacetamide 
(1-7 g.) in ethanol (125 c.c.). After } hr. the red solution was diluted with water, and the 
gelatinous precipitate filtered off and dried (1-1 g.; m. p. 257—260°). This method, applied 
to nitrosobenzene, gave N-phenyloxamide, which crystallised from ethanol in a cotton-wool like 
mass of almost colourless needles, m. p. 227—230° (Found: C, 58-3; H, 4:7; N, 16-9. 
C,H,O.N, requires C, 58-5; H, 4-9; N, 17-1%), sublimable without decomposition. 

Similarly p-diethylaminophenyloxamide was obtained from NN-diethyl-p-nitrosoaniline. 
It crystallised from ethanol in pale yellow needles, m. p. 224° (Found : C, 60-8; H, 7-2; N, 17-5. 
C,,H,,0,N, requires C, 61-3; H, 7-2; N, 17-9%). 

Condensation of N-methyl-p-nitrosoaniline with cyanoacetamide in methanol by use of 
potassium carbonate gave N-(«-carbamoyl-a-cyanomethylene)-N’-methyl-p-phenylenediamine, 
which crystallised from ethanol in red needles, m. p. 243° (Found: N, 27-2. C,H,ON, 
requires N, 27-7%), and was obtained also by the interaction of the a-cyano-a-ethoxycarbony] 
analogue ¢ with ammonia solution (d 0-88). By treatment with steam in the presence of a 
small amount of potassium carbonate it gave p-methylaminophenyloxamide, which crystailised 
from ethanol as needles, m. p. 206° (Found: C, 56-3; H, 5-7. C,H,,0,N, requires C, 56-0; 
H, 5-7%). 

N-(a-Cyano-a-methoxycarbonylmethylene)-N’N’-dimethyl-p-phenylenediamine, from NN-di- 
methyl-p-nitrosoaniline and methyl cyanoacetate in methanol (K,CO,), formed orange-red 
needles, m. p. 161—163°, from ethyl acetate (Found: C, 62-5; H, 5-7; N, 18-3. C,,H,,0,N, 
requires C, 62-4; H, 5-6; N, 18-3%). It was also obtained by use of ethyl cyanoacetate in 
the above experiment owing to ester interchange. When ethyl cyanoacetate was used with 
ethanol as solvent there was obtained N-(«-cyano-a-ethoxycarbonylmethylene)-N’N’-dimethyl-p- 
phenylenediamine, red prisms, m. p. 93° (from ethanol) (Found: C, 63-9; H, 5-8. C,3;H,,;0,N, 
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requires C, 63-7; H, 6-1%). Either of these esters passed into the corresponding amide, m. p. 
230°, when kept in aqueous ammonia (d 0-88); on passage of steam into suspensions of these 
compounds in dilute potassium carbonate solution hydrogen cyanide was evolved but no other 
recognisable decomposition product was isolated. 

NN-Diethyl-3-methyl-4-nitrosoaniline, obtained in the usual way from N.N-diethyl-3-methyl- 

niline, crystallised from aqueous methanol in green plates, m. p. 59° (Found: N, 14-0. 
C,,H,,ON, requires N, 13-5%). It reacted with methyl cyanoacetate (K,CO,) to give N-(«- 
cyano-a-methoxycarbonylmethylene)-N’N’-diethyl-2-methyl-1 : 4-phenylenediamine, which formed 
red plates with a blue refiex (from ethanol), m. p. 83° (Found: C, 65-2; H, 6-6. C,;H,,0,N, 
requires C, 65-9; H, 7-0%), and with ethyl cyanoacetate in ethanol to give the ethoxycarbonyl- 
analogue, which crystallised from ethanol in reddish-blue needles, m. p. 79° (Found: N, 14-3. 
C,,H,,O.N, requires N, 14-6%). 

NN-Diethyl-3-methyl-4-nitrosoaniline with cyanoacetamide in methanol (K,CO,) gave 
N-(a-carbamoyl-a-cyanomethylene)-N’N’-diethyl-2-methyl-1 : 4-phenylenediamine, which formed 
small red prisms (from ethanol), m. p. 206° (Found: C, 64-6; H, 6-7. C,,H,,ON, requires 
C, 65-1; H, 7-0%). 

N-(a-Cyano-a-methoxycarbonylmethylene) -2 : N’ : N’-trimethyl-1: 4-phenylenediamine, pro- 
duced by the interaction of 3: N : N-tri-methyl-4-nitrosoaniline 5 with methyl cyanoacetate 
(IX,CO,), crystallised from ethanol in red needles with a blue reflex, m. p. 150° (Found : C, 63-7; 
H, 5-5. C,,;H,,0,N; requires C, 63-7; H, 6-1%). 

N-(«-Carbamoyl-«-cyanomethylene)-2 : N’ : N’-trimethyl-1 : 4-phenylenediamine, produced from 
3: .N : N-trimethyl-4-nitrosoaniline and cyanoacetamide (K,CO,), crystallised from 2-ethoxy- 
ethanol in red needles, m. p. 252—254° (decomp.) (Found: N, 23-6. C,,H,,ON, requires 
N, 24:3%). 

N-(a-Cyano-x-methoxycarbonylmethylene)-N’N’-di-n-propyl-p-phenylenediamine, produced by 
the interaction of p-nitroso-NN-di-n-propylaniline * with methyl cyanoacetate, crystallised 
from ethanol in red prisms with a blue reflex, m. p. 104° (Found: N, 14:0. C,,H,,O,N, 
requires N, 14-6%). 

a-Cyano-N-hydroxy-NN’-diphenylformamidine, obtained by the addition of anhydrous 
potassium carbonate to nitrosobenzene mixed with ethyl or methyl cyanoacetate in ethanol or 
methanol, crystallised from ethyl acetate in golden-yellow needles, m. p. 141° (Found: C, 70-8; 
H, 4-5; N, 17-9. C,,H,,ON; requires C, 70-9; H, 4-6; N, 17-7%). The same compound was 
obtained, slightly contaminated by N-phenyloxamide, when cyanoacetamide was used in 
place of the esters. By dissolution in warm acetic anhydride, subsequent precipitation by 
water, and recrystallisation from ethanol it gave an acetyl derivative as cubic crystals, m. p. 
85° (Found: C, 69-5; H, 4-8. C,,H,,0,N, requires C, 68-8; H, 4:7%). With propionic 
anhydride it gave the propionyl derivative, which crystallised from methanol in almost colourless 
needles, m. p. 69° (Found: C, 69-1; H, 4:7; N, 13-7. C,;H,,0,N, requires C, 69-7; H, 5-1; 
N, 14-3%). On dissolution in aqueous sodium hydroxide and shaking with (a) benzoyl chloride 
there was obtained the benzoyl derivative, needles (from ethanol), m. p. 98° (Found: C, 73-2; 
H, 4-1. C,,H,,0,N; requires C, 73-9; H, 4-4%), (b) dimethyl sulphate there was obtained the 
methyl derivative, pale-yellow prisms (from methanol), m. p. 58° (Found: C, 71-8; H, 5-1. 
C,;H,,;ON, requires C, 71-7; H, 5-2%). On addition of thionyl chloride to the compound in 
benzene there was brisk reaction with immediate separation of N-chloro-«-cyano-NN’-diphenyl- 
formamidine NPh:C(CN)*NPh:Cl, in almost colourless needles, which had m. p. 124° (decomp.) 
after recrystallisation from ethyl acetate (Found: C, 65-8; H, 4:4. C,,H,)N,Cl requires 
C, 65-7; H, 39%). This chloro-compound on storage, even in the dark, underwent slow 
transformation to a dark plastic mass; it was instantly hydrolysed by cold dilute sodium 
hydroxide solution and dissolved rapidly in cold methanol or aniline to give solutions from 
which the original hydroxy-compound could be isolated. 


The author is indebted to Dr. J. W. Minnis for the microanalyses, and to the Carnegie 
Trust for the Universities of Scotland for a grant. 
HERIOT-WatTr COLLEGE, EDINBURGH. [Received, August 10th, 1956.) 


5 Wurster and Riedel, Ber., 1879, 12, 1797. 
* Mandl, Monatsh., 1886, 7, 99. 
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103. Autoxidation of Polyphenols. Part I. Autoxidation of 
Methyl Gallate and its O-Methyl Ethers in Aqueous Ammonia. 


By D. E. Hatuway. 


Autoxidation of methyl gallate in 2N-ammonia, which eventually affords 
ellagic acid, has given a polymer, hydrogen peroxide (trace), gallic acid, and 
a derivative of 4: 5:6: 4’: 5’: 6’-hexamethoxydiphenic acid. The hexa- 
methoxydiphenic acid was prepared by the Ullmann synthesis, as well as 
from 4:5: 6: 4’: 5’: 6’-hexabenzyloxydiphenic acid.1 Analogous autoxid- 
ation of methyl 3-O-methylgallate afforded 4 : 4’-di-O-methylellagic acid. 


ALTHOUGH ellagic acid (I) has been prepared by aeration of an ammoniacal solution of 
ethyl gallate, the reaction has received little attention, but Erdtman‘ obtained low 
yields of ellagic acid on autoxidation in dilute solutions of barium hydroxide, sodium 
hydrogen carbonate, or disodium hydrogen phosphate. He also 
found that no ellagic acid was formed when gallic acid was 
autoxidised in these solutions. 

In the present study, the reaction of methyl. gallate had been 

investigated by manometry, chromatography, and by the use of 
~ OH model substances. 
(1) co Methyl 4-O-methylgallate, methyl 3 : 4-di-O-methylgallate, and 
methyl syringate were recovered unchanged from the autoxidation reaction, but methyl 
3-O-methylgallate was converted in small proportion into 4: 4’-di-O-methylellagic acid, 
characterised as the crystalline diacetate. 4: 4’-Di-O-methylellagic acid affords colour 
reactions, fluorescence in ultraviolet light, Rp values, and a lactonic band at 1712 cm.-}, 
consistent with the behaviour of the related ellagic and flavellagic acid.® 

Two vicinal hydroxyl groups, correctly oriented with respect to the alkoxycarbonyl 
substituent, are therefore essential if autoxidation is to afford ellagic acid derivatives. 
Since semiquinones are stabilised as anions in alkaline solution,* symmetrical dimerisation 
of semiquinone radicals is probably involved.?- Hydrogen peroxide is associated with the 
oxidation by molecular oxygen of quinols to quinones in water,’ ® and the correspondingly 
low proportion of residual hydrogen peroxide which accumulated during ellagic acid 
synthesis is consistent with dimerisation of semiquinone.2” The oxygen balance of 0-93 
mole per mole of methyl gallate is however too large to be commensurate with ellagic acid 
synthesis; but as only 60% of this substance is formed by autoxidation, the additional 
uptake is presumably associated with the accompanying formation of polymer. Early in 
the autoxidation, a red colour develops, suggesting the presence of an o-quinonoid com- 
pound (semiquinone), but the colour was too transient for the spectrum to be measured. 

It has now been shown that no ellagic acid is produced by aeration of an ammoniacal 
solution of gallic acid, and it follows that in the corresponding autoxidation of methyl 
gallate dimerisation preceded hydrolysis of the ester group. It is therefore suggested that 
dimethyl 4 : 5: 6: 4’ : 5’ : 6’-hexahydroxydiphenate is an intermediate; and the formation 
of 2:3:4:2’:3’:4’-hexahydroxydiphenyl by autoxidation of pyrogallol in strong 


co 
* 





1 Schmidt, Voigt, Puff, and Késter, Annalen, 1954, 586, 165. 

* Herzig, Pollak, and von Bronneck, Monatsh., 1908, 29, 278. 

3 Reichel and Schwab, Annalen, 1942, 550, 152. 

* Erdtman, Svensk kem. Tidskr., 1935, 47, 223. 

5 Hathway, Nature, 1956, 177, 747. 

* Michaelis e¢ al., J. Biol. Chem., 1938, 119, 133; J. Amer. Chem. Soc., 1937, 59, 2460; 1938, 60, 
202, 214, 1667, 1678; Pauling, ‘‘ The Nature of the Chemical Bond,” Cornell Univ. Press, Ithaca, 1940, 
p. 276. 

7 Cf. Grimshaw, Haworth, and Pindred, J., 1955, 833. 

8 Hathway and Seakins, Nature, 1955, 176, 218. 

* Beer, Broadhurst, and Robertson, J., 1954, 1947. 

10 Siegel, J. Amer. Chem. Soc., 1956, 78, 1753. 
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alkali 14 is relevant. Accordingly, when a solution of methyl gallate was acidified after 
brief autoxidation and the solvent-extractable material was treated successively with 
diazomethane and methanolic potassium hydroxide, a small quantity of 4: 5:6: 4’: 5’: 6’- 
hexamethoxydiphenic acid was Aes aye by chromatography from a big preponderance 


of tri-O-methylgallic acid. 4:5:6: 4’: 5’ : 6’-Hexamethoxydiphenic acid has previously 
been prepared by the sr treatment of tetra-O-methylellagic “ee with = sodium 
hydroxide solution and methyl iodide. In the present study, 4: 5:6: 4’: 5’: 6’-hexa- 


methoxydiphenic acid has been prepared in (1) 40% yield by the U Iimann a nthesis in 
dimethylformamide starting from methyl 2 top ns O-trimethylgallate,*¥ and hydrolysis 
of the resulting ester, and (2) 90% yield from 4: 5:6: 4’: 5’ : 6’-hexabenzyloxydiphenic 
acid, by successive catalytic debenzy lation, pina ha and hydrolysis. A small 
quantity of methyl tri-O-methylgallate, which was a by-product in the Ullmann synthesis, 
was removed from dimethyl 4 : 5 : 6: 4’ : 5’ : 6’-hexamethoxydiphenate by selective hydro- 
lysis. Paper chromatography of tri-O-methylgallic and 4: 5:6: 4’: 5’ : 6’-hexamethoxy- 
diphenic acid was investigated : the successful separation by a dilute acetic acid solvent 
system was extendible to cellulose column chromatography. 

Of the four selected methyl ethers of methyl gallate, methyl 3-O-methylgallate is new. 
It was prepared by Fischer-Speier methylation of the corresponding acid, which was 
synthesised via methyl 4 : 5-diphenylmethylenedioxy-3-hydroxybenzoate.* The parent 
acid was regenerated by hydrolysis of methyl 3-O-methylgallate, which was further char- 
acterised as diacetate and bis-3: 5-dinitrobenzoate. The colour reactions of methyl 
3-O-methylgallate with ferric chloride reagent accord with those for the corresponding 
acid.}5 

The autoxidation of gallic acid and methyl gallate in ammonia affords polymers which 
remain adsorbed near the top of magnesium aluminium silicate columns during develop- 
ment with phosphate buffer of pH 12. These polymers also migrate a short distance 
towards the anode during low-voltage ionophoresis on paper at pH 12. It has now been 
shown that methyl gallate is hydrolysed to gallic acid under the conditions of the autoxid- 
ation in approximately the same proportion as that in which the corresponding polymeric 
by-product is formed, but gallic acid can no longer be detected when autoxidation is 
complete. On account of this observation, and the known stability of an alkaline solution 
of ellagic acid to hydrogen peroxide at room temperature,'® it is suggested that gallic acid 
may be the chemical precursor of the polymeric by-product. 


EXPERIMENTAL 


Solutions were evaporated in nitrogen at <35°. M. p.s were determined on a Kofler block. 
Paper chromatography was carried out at 22° + 2° in all-glass apparatus. Chromatograms 
were dried in a current of warm air at 60°. A Hanovia mercury arc fitted with a Wood’s-glass 
filter was used to examine chromatograms for fluorescent zones. Johnsen, Jérgensen, and 
Wettre’s Solka Floc cellulose (Grade, BW200) was homogenised in acetone by a top-drive 
macerator, and the slurry was transferred to chromatography tubes. The columns were 
developed with acetone, stored for 24 hr., and developed under pressure with aqueous 10% 
acetic acid until free from acetone. Florex (Grade, XXS), a magnesium aluminium silicate, 
was washed with phosphate buffer (pH 12-0) before use. Peter Spence (Grade H) alumina was 
treated with 2N-acetic acid, then thoroughly washed with methanol, and reactivated 
(Brockmann, grade IT/III) at 100°/12 mm. 

Attempted Autoxidation of O-Methyl Ethers of Methyl Gallate—Aeration of a solution of 
methyl syringate, 3 : 4-di-O-methylgallate, and 4-O-methylgallate (0-025 mole) respectively in 


a 


11 Harries, Ber., 1902, 35, 2957. 

12 Herzig and Pollak, Monatsh., 1908, 29, 263. 

8 Feist and Dschu, “ Festschrift fiir A. Tschirch,’’ Leipzig, 1926, p. 28 
Bradley, Robinson, and Schwarzenbach, J., 1930, 793. 

18 Fischer and Freudenberg, Ber., 1913, 46, 1123. 

1¢ Haworth, Pindred, and Jefferies, J., 1954, 3617. 
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2n-ammonia (100 ml.) for 24 hr., followed by acidification, afforded unchanged methyl 
syringate, m. p. 106°, and 3 : 4-di-O-methylgallate, m. p. 84°, in quantitative recovery. The 
4-O-methylgallate, m. p. 147°, was recovered quantitatively by extraction with ethyl acetate. 
All three esters were identified by mixed m. p.s. 

When a solution of methyl 3-O-methylgallate (9-9 g.) in 2N-ammonia (200 ml.) was aerated, 
a rose-coloured solution developed, and after 60 hr. a small precipitate was removed. Tritur- 
ation with 12n-hydrochloric acid gave a precipitate (200 mg.), which was removed, washed 
free from mineral acid (Congo-red), and dried over potassium hydroxide at 20°/0-02 mm. for 
20 hr. This crude product, which gave a weak Griessmayer colour reaction, was refluxed with 
acetic anhydride (50 ml.) containing 3 drops of 18N-sulphuric acid for 2 hr. When the chilled 
mixture was poured into ice-water, crude diacetate was recovered, and dried at 110° for 1 hr. 
Sublimation (3 hr.) at 300°/0-05 mm. gave of 4: 4’-di-O-methylellagic acid diacetate (80 mg.), 
m. p. >320° (Found: C, 57-1; H, 3-6. C,9H,,O49 requires C, 58-1; H, 3-4%). The diacetate 
in boiling pyridine (5 ml.) was treated with acetic acid (5 ml.) and 12N-hydrochloric acid (5 ml.), 
then refluxed for 2 hr. 4: 4’-Di-O-methylellagic acid (50 mg.) was removed, washed free from 
mineral acid (Congo-red), and dried at 110° for l hr. It crystallised from NN-dimethylform- 
amide as very pale yellow needles, m. p. >320° (Found: C, 57-8; H, 3-2. C,,H,)O, requires 
C, 58-2; H, 3-1%), which were dried at 110°/0:05 mm. The acid gave a weak Griessmayer 
colour reaction, an intense lemon solution in 2N-sodium hydroxide, and a violet fluorescence 
in ultraviolet light, which became yellow on treatment of the substance with ammonia. It had 
Ry 0-70 in aqueous 40% (v/v) formamide, buffered at pH 3-5 with formic acid. 

Acidification of the original reaction filtrate gave an intractable resin. 

Autoxidation of Methyl Gallate——(1) Autoxidation of methyl gallate (10 g.) in 2N-ammonia 
(200 ml.) for 48 hr. afforded ellagic acid tetra-acetate (7-6 g., 60%) which crystallised from 
acetic anhydride (1200 ml.) as needles (7-5 g.), m. p. 344° (Found: C, 55-7; H, 3-3. Calc. for 
C..H,,0,.: C, 56-1; H, 3-0%). 

(2) Absorption of oxygen by methyl gallate (2 millimoles) in 2N-ammonia (20 ml.) was 
followed volumetrically in a hydrogenation apparatus. When it ceased (4 days), ammonium 
ellagate was removed and washed, and the combined filtrate and washings were acidified, and 
poured on an alumina column (10 x 1-5 cm.) prepared in water. Polymer was removed, and 
potassium iodide (10 g.) was added to the aqueous eluate. After storage for 5 min. in the dark, 
the liberated iodine was titrated with 0-01N-sodium thiosulphate. The results were: total O, 
uptake, 0-96; H,O, formed, 0-05; O, balance, 0-93 mole per mole of methyl gallate. In a 
parallel experiment, the oxidising agent left in solution after removal of ellagic acid and polymer 
was shown to be hydrogen peroxide. Vacuum-distillation gave a colourless, aqueous solution 
which was spectroscopically indistinguishable from distilled water in the range 300—700 my 
and reacted positively with acidified potassium iodide and titanic sulphate. 

(3) On addition of 1 drop of 15N-ammonia to an aqueous solution of methyl gallate 
(0-05 mmole/l.) a very transient crimson colour developed. 

(4) Aeration of a 2N-ammonia (200 ml.) solution of methyl gallate (5 g.) for 30 min. gave a 
precipitate of ammonium ellagate which was removed, and the acidified filtrate was continuously 
extracted with dry ether for 5 hr. The dried (MgSO,) ether extract (400 ml.) was chilled, 
treated with dried (KOH) ethereal diazomethane (ca. 5-6 g. in 200 ml.) at 0°, and kept at 0° for 
16 hr., then excess of diazomethane was destroyed by acetic acid. Evaporation of the solvent 
left a syrup which was refluxed with n-methanolic potassium hydroxide (100 ml.). The solvent 
was evaporated, and an aqueous solution (25 ml.) of the residue was extracted with ether. 
Residual ether was removed in vacuo and the aqueous phase acidified with 12N-hydrochloric 
acid. The precipitate (1-25 g.) was removed, washed free from mineral acid (Congo-red) with 
ice-water, and dried at 110°. A glacial acetic acid solution (5 ml.) of this precipitate (300 mg.), 
m. p. 168—185°, was adsorbed on a cellulose column (21-5 x 2-5 cm.) prepared in and developed 
with 10% acetic acid. Initial eluate (77 ml.) was discarded, and thereafter eluate was 
automatically fractionated in 3 ml. portions. Spots were withdrawn and chromatographed 
(see below) on Whatman filter paper no. 1. 4:5:6: 4’: 5’: 6’-Hexamethoxydiphenic acid 
(4 mg.), m. p. 240°, undepressed on admixture with a specimen, m. p. 243°, separated at 0° from 
fraction 5. 

Autoxidation of Gallic Acid.—After gallic acid (4-25 g.) in 2N-ammonia (100 ml.) had been 
aerated for 72 hr., humic acid was precipitated by 12N-hydrochloric acid from the resulting 
dark solution. 








522 Hathway : Autoxidation of Polyphenols. Part I. 


Preparation of 4: 5:6: 4’: 5’: 6’-Hexamethoxydiphenic Acid.—(1) A dry (CaH,) dimethyl- 
formamide solution (100 ml.) of methyl 2-bromotri-O-methylgallate 1* (10 g.) was refluxed with 
activated copper ?7 (10 g.) for 8 hr., a second portion of metal (10 g.) being added after 4 hr. 
The mixture was poured into ice-water (2 1.), and the sediment centrifuged off and dried over 
phosphoric oxide at 20°/0-05 mm. for 20 hr. The supernatant liquid was evaporated, and 
evaporation was continued during the gradual addition of more water (21.) in order to remove the 
last traces of dimethylformamide. The product (6-8 g.) was recovered from both the sediment 
and the evaporation residue by extraction with ethyl acetate. A solution of the residue in 
benzene-light petroleum (b. p. 40—60°) (1:1; 50 ml.) was poured on an alumina column 
(20 x 2-5cm.). Evaporation of the benzene—light petroleum (1 : 1) eluate left a syrup (6-1 g.), 
which was refluxed with 0-2N-methanolic potassium hydroxide (100 ml.) for 2 hr. The solvent 
was removed, and the residue acidified with 0-1N-hydrochloric acid, then the product was 
extracted with ethyl acetate. Evaporation of the dried (MgSO,) solvent left a partially 
crystalline residue, which was extracted with boiling water (500 ml.). Oil was removed and, 
on evaporation, the filtrate deposited tri-O-methylgallic acid (1-2 g.), forming needles, m. p. 
and mixed m. p. 167°. The oil was dissolved in chloroform, which was washed successively 
with saturated sodium hydrogen carbonate solution and water. Evaporation of the dried 
(MgSO,) solvent left dimethyl 4:5: 6: 4’: 5’ : 6’-hexamethoxydiphenate (4 g.) which crystal- 
lised in 14 days, forming rosettes, m. p. 95—97° (m. p. 90—95° and 110—111° have been 
recorded 1*) (Found: C, 58-6; H, 5-8. Calc. for C,,H,,0O,,5: C, 58-7; H, 5-8%). The ester 
(4 g.) was refluxed with n-methanolic potassium hydroxide (100 ml.) for 3 hr. Evaporation 
left a solid residue, which was dissolved in water (20 ml.) and acidified with 12N-hydrochloric 
acid (10 ml.). Crude 4: 5:6: 4’: 5’: 6’-hexamethoxydiphenic acid (2-7 g., 40%), m. p. 234— 
238°, was removed and washed free from mineral acid. 4:5:6:4: 5’: 6’-Hexamethoxydi- 
phenic acid crystallised from ethanol as rhombs (2-6 g.), m. p. 243° (Found: C, 56-6; H, 5-6. 
Calc. for Cy5H,,0;) : C, 56-9; H, 5-3%). 

(2) A methanolic solution (40 ml.) of 4: 5:6: 4’: 5’: 6’-hexabenzyloxydiphenic acid? 
(1-18 g.) was hydrogenated at 1 atm., in the presence of 10% palladised charcoal, and the 
product was methylated with excess of diazomethane, then hydrolysed with n-methanolic 
potassium hydroxide. Crude 4:5: 6: 4’: 5’: 6’-hexamethoxydiphenic acid (490 mg., 90%; 
cf. 42% yield by Schmidt and Demmler '*), m. p. 230—238°, was dried at 110° for l hr. A 
single sublimation at 220°/0-05 mm. afforded 4:5: 6: 4’: 5’: 6’-hexamethoxydiphenic acid 
(430 mg.), m. p. 243° (Found: C, 56-9; H, 5-3%). 

Chromatographic Separation of 4: 5:6: 4’: 5’: 6’-Hexamethoxydiphenic and Tri-O-methyl- 
gallic Acid.—Marker spots (5 ul.) of 0-5% (w/v) solutions of the acids were applied to start- 
lines, 4 cm. from the lower edge of Whatman filter paper no. 1, of length 57 cm. Single-way 
ascending chromatography was effected with the following solvent systems: (1) benzyl 
alcohol-tert.-butyl alcohol-isopropyl alcohol—water (3: 1:1: 1, by vol.) containing 1-8% (w/v) 
of formic acid; 1* (2) the upper phase of equilibrated and esterified butan-l-ol-acetic acid— 
water (63: 10: 27, by vol.).2° Papers were irrigated for 20 hr. The acids were detected by 
their fluorescence in ultraviolet light, and as yellow spots against a green background, when a 
solution of bromocresol-green at pH 5-5 was employed as a spraying reagent.** 


Ry in solvent-system Ry on paper 
Acid 1 2 no. 1 no. 20 
IIS, crvccensttccccsisesesseccetsoniecsstees 0-92 0-91 0-73 0-72 
4:5:6:4': 5’: 6’-Hexamethoxydiphenic ......... 0-91 0-90 0-65 0-68 


Marker spots were also applied to start-lines, 11 cm. from the upper edge of Whatman filter 
papers no. 1, and no. 20 previously washed chromatographically with N-acetic acid. Descending 
chromatography was effected with N-acetic acid, the papers being irrigated for 4 and 6 hr. 
respectively. 

A glacial acetic acid solution (5 ml.) of 4:5:6: 4’: 5’: 6’-hexamethoxydiphenic acid 


17 Ulimann, Annalen, 1904, 382, 38; Kleiderer and Adams, J]. Amer. Chem. Soc., 1933, 55, 4219. 
18 Schmidt and Demmler, Annalen, 1954, 586, 179. 

1® Stark, Goodban, and Owens, Analyt. Chem., 1952, 23, 413. 

3° Campbell, Work, and Mellanby, Biochem. J., 1951, 48, 106. 

21 Lugg and Overell, Nature, 1947, 160, 87. 
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(75 mg.) and tri-O-methylgallic acid (50 mg.) was adsorbed on a cellulose column (24 xX 2-5 cm.) 
and the 10% acetic acid eluate was fractionated in 3 ml. tubes. The hexamethoxydiphenic acid 
crystallised at 0° in tubes 31—38, forming rhombs (55 mg.), m. p. 241°, undepressed by 
admixture with an authentic specimen, m. p. 243°. 

Methyl 3-O-Methylgallate—A cold solution of methyl 4: 5-diphenylmethylenedioxy-3- 
hydroxybenzoate 14 (29-7 g.) in absolute methanol (100 ml.) was treated with dried (KOH) 
ethereal diazomethane (ca. 5-6 g. in 200 ml.) at 0°. After 1 day at 0°, prisms (16 g.) of methyl 
 : 5-diphenylmethylenedioxy-3-methoxybenzoate, m. p. 135° (lit.,14 m. p. 135°), were removed, 
and further product (14 g.), m. p. 135°, was recovered from the mother-liquor (yield, 30 g., 
100%). 3-O-Methylgallic acid crystallised from water, forming prismatic needles of hemi- 
hydrate, m. p. 225° (Found: C, 49-7; H, 4-6; loss at 110°/0-05 mm., 4-8. Calc. for 
C,H,O;,$H,O: C, 49-7; H, 4:7; H,O, 47%), which were dried over phosphoric oxide at 
60°/15 mm. A stream of hydrogen chloride was conducted through a boiling solution of this 
acid (14-1 g.) in absolute methanol (200 ml.) for 3 hr. Evaporation left a solid residue which 
was triturated with excess of sodium hydrogen carbonate solution and washed with ice-water. 
Methyl 3-O-methylgallate was recovered in the form of rhombs (12 g.), m. p. 116° (Found: C, 
54:7; H, 5-2. C,H,,O; requires C, 54-5; H, 5-1%), which were dried over phosphoric oxide at 
60°/0-1 mm. for 4hr. With ferric chloride an aqueous solution of the ester gave a bluish-black 
solution, whereas the alcoholic solution afforded a green solution. 

Hydrolysis of methyl 3-O-methylgallate (100 mg.) with boiling N-methanolic potassium 
hydroxide (10 ml.) under nitrogen for 1 hr. afforded prismatic needles (60 mg.), m. p. 225°, 
undepressed on admixture with 3-O-methylgallic acid hemihydrate. 

Methyl 4 : 5-diacetoxy-3-methoxybenzoate crystallised from ethanol—water (1: 4) as lamellz, 
m. p. 99° (Found: C, 55-6; H, 5-0. C,,H,,0O, requires C, 55-4; H, 5-0%), which were dried 
over phosphoric oxide at 60°/0-2 mm. and gave no ferric reaction. Methyl 4: 5-bis-(3: 5-di- 
nitrobenzoyloxy)-3-methoxybenzoate crystallised from acetic anhydride as needles, m. p. 213° 
(Found: N, 9-0. C,3;H,,0,,N, requires N, 9-5%). 

Hydrolysis of Methyl Gallate with Dilute Ammonia.—When a solution of methyl gallate (5 g.) 
in 2N-ammonia (200 ml.) was stored under hydrogen at 20° for 2 days, acidified with 12Nn- 
hydrochloric acid, and basified with excess of solid sodium hydrogen carbonate, unchanged 
methyl gallate was recovered by continuous extraction with ether. Continuous extraction of 
the acidified aqueous phase with ether afforded gallic acid (500 mg.), m. p. and mixed m. p. 240°. 
Gallic acid, m. p. 240°, Rp 0-43 and 0-72 in N-acetic acid and sec.-butyl alcohol—acetic acid—water 
(14: 1:5), was isolated by similar means after 1 day’s autoxidation of methyl gallate, but 
could not be chromatographically detected after 2 days’ reaction. 

Ionophoresis.—Gallic acid and methyl gallate (2 millimoles) were autoxidised for 2 days. 
Spots (5 ul.) of the solutions were then applied to a start-line, 10 cm. from the cathode end of a 
strip (33 x 10 cm.) of Whatman filter paper no. 3MM, previously moistened ?* with phosphate 
buffer of pH 12-0. Ionophoresis was carried out in a horizontal apparatus,* phosphate buffer 
of pH 12-0 being employed as chromatographic solvent; d.c. at 250 v and 40 ma was applied 
for 2hr. The electrogram was dried at 100° for 15 min. In both cases, tan-coloured polymer 
migrated a short distance towards the anode, accompanied by blue and yellow fluorescent 
zones of substances which migrated correspondingly farther in the same direction. 


The author thanks Dr. H. Phillips for his interest, and the Council of the British Leather 
Manufacturers’ Research Association for their permission to publish this paper. 


BRITISH LEATHER MANUFACTURERS’ RESEARCH ASSOCIATION, 
Mitton PARK, EGHAM, SURREY. (Received, August 27th, 1956.) 


*2 Kunkel in Glick’s ‘‘ Methods of Biochemical Analysis,” Interscience Publ. Inc., New York, Vol. I, 
1954, p. 141; Linskens, ‘‘ Papierchromatographie in der Botanik,” Springer-Verlag, Berlin, 1955, p. 9. 
#3 Grassmann and Hannig, Z. physiol. Chem., 1952, 290, 1. 
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104. Studies in Pyrolysis. Part VIII.* Competitive Routes in the 
Pyrolysis of Esters: Alkylene and Alkylidene Dibenzoates and Some 
Related Substances. 

By R. J. P. Attan, E. Jones, and P. D. RItcute. 


Methylene dibenzoate at ca. 500—550° undergoes a primary dispropor- 
tionation (D) to benzoic anhydride and formaldehyde; but trimethylene 
and propylene dibenzoate at ca. 400—500° undergo a primary alkyl-oxygen 
scission (A!) to benzoic acid and allyl benzoate only. From these and 
supporting results it is concluded that the known A! and D scissions of 
ethylene dibenzoate ! are consecutive rather than competitive, with formation 
of ethylidene dibenzoate as an intermediate. Competitive routes in the 
pyrolysis of allyl benzoate and acetate, and of benzoic anhydride, are 
described and discussed. 


ETHYLENE DIBENZOATE, in the vapour phase at ca. 400—550°, yields two major pairs of 
products: (i) benzoic acid and vinyl benzoate (A! scission), and (ii) benzoic anhydride 
and acetaldehyde, corresponding to a disproportionation (D); and Allan, Forman, and 
Ritchie ! visualised these A! and D reactions as concurrent and competitive (followed by 
secondary breakdowns). A modified and more precise interpretation of this ‘‘ dispropor- 
tionation ” is now advanced, based upon studies of the pyrolysis of alkylene and alkylidene 
dibenzoates (I—IV) and of certain related substances. 


(1) BzO-CH,-OBz BzO-CH,°CH,°CH,°OBz (II) 
(111) BzO-CHMe-OBz BzO-CH,*CHMe-OBz (IV) 


Methylene (1) and Trimethylene Dibenzoate (I1).—Methylene dibenzoate, lacking a 
8-hydrogen atom, is much more thermostable than its ethylene homologue, and is not 
appreciably decomposed below ca. 500—550°. At this temperature, it breaks down by 
one detectable primary route (D) only : 


(I) BzO-CH,-OBz —» Bz,0+CH,O. ........0O 


Other minor products observed (hydrogen, carbon monoxide and dioxide, benzoic acid, 
benzaldehyde, benzophenone, and diphenyl, the last three appearing only at ca. 550°) can 
all be accounted for as secondary products, some from formaldehyde and some (see below) 
from benzoic anhydride, though a number might also formally arise from other competitive 
primary scissions, such as the following : 


? 
—» PhCHO+[BzO‘CHO] ...... B 

? 
i» CO, + BzO-CH,Ph ae 
On secondary breakdown, the labile intermediate from route B? should undergo either 
decarbonylation (i.e., behaving as an aldehyde) or disproportionation (7.¢., behaving as 
the mixed benzoic formic anhydride *); but in either case all the predictable end-products, 
though observed, can equally well be explained by other known scissions, so that there 
is no firm evidence either to confirm or to exclude the B? route. However, as shown below, 
ethylidene dibenzoate (III) yields inter alia a minor amount of benzaldehyde (ca. 500°) ; and 
here, though again the B? route might formally be responsible, there is no evidence for 
the acetic anhydride (or its scission products) which would be formed by dispropor- 
tionation ? of the mixed acetic benzoic anhydride arising concurrently with benzaldehyde 
by a B* scission. Indirectly, therefore, this evidence is an argument against competition 


(1) BzO-CH,-OBz 





* Part VII, J., 1956, 3563. 


1 Allan, Forman, and Ritchie, J., 1955, 2717. 
2 Autenrieth, Ber., 1901, 34, 168. 
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by B? acyl-oxygen scission in the pyrolysis of diester (I). Likewise, the C? reaction does 
not appear to compete; for the pyrolysate from diester (I) contains neither benzyl benzoate 
nor the key breakdown-product, toluene, which is formed when the benzy] ester is pyrolysed 
in a sealed tube (ca. 340°) * or in the vapour phase (ca. 500°).# 

The observed D reaction of methylene dibenzoate, coupled with the known A? and D 
reactions of ethylene dibenzoate,! suggests that the trimethylene homologue (II) should 
undergo both alkyl-oxygen scission (to benzoic acid and allyl benzoate) and dispropor- 
tionation (to benzoic anhydride and propionaldehyde); but only the former primary 
reaction is observed (ca. 400—500°). An explanation of this apparent anomaly is given 
later. 

(II) BzO-CH,°CH,*CH,-OBz —— BzOH -+- BzO°CH,"CH:CH,. . . . . . At 


Propylene Dibenzoate (IV) and Diacetate.—These diesters, each containing three $-carbon 
atoms showing different degrees of substitution, offer the formal possibility of three 


competitive A?! scissions : 
? 








—® R-CO,H+R-CO,CMeICH, . . . A? (point a) 

? 
R-CO,°CH,-CHMe-O.C-R —» R-CO,H | R-CO,CHICHMe . . . A! (point b) 
e b —» R-CO,H + R-CO,-CH,CH:CH, . . A! (point b) 


The views of Bailey e¢ al.> on analogous systems suggest that only the last of these three 
primary routes will be followed; and pyrolysis of the rigorously purified dibenzoate and 
diacetate at ca. 500° now confirms that carboxylic acid and allyl ester are the only primary 
products, with no evidence for disproportionation (to acid anhydride and propionaldehyde) 
or for competitive A? routes. . 

The patent literature contains several claims *® in apparent conflict with the above 
completely selective reaction. Thus, Chitwood ® claims that propylene diacetate at 
ca. 470° yields propionaldehyde (ca. 22%) in addition to acetic acid and allyl acetate; and 
Ash e¢ al.? and Burchfield * claim that the last two products are accompanied, at ca. 
455—500°, by propenyl acetate, though they report it in widely differing amounts (ca. 2% 
and ca. 25% respectively). Similarly, Vaughn ® claims that both allyl and propenyl 
acetate are formed, inter alia, during pyrolysis of a mixture of the 1- and the 2-mono- 
acetate of propylene glycol at ca. 525°. 

Some of these anomalies have a simple explanation. It has now been found that 
propylene diacetate is exceptionally difficult to free from unchanged diol, and that when 
the crude diester is pyrolysed the product contains propionaldehyde (a known breakdown 
product of the glycol 1°). None of the above four workers *® mentions any criterion of 
the purity of the pyrolysand; and, in default of this evidence, it must be concluded that 
in each case the pyrolysate contained propionaldehyde arising from free propylene glycol 
and not necessarily, as suggested by Chitwood * and Vaughn,’ from an ester. In addition, 
the system studied by Vaughn ® offers yet a further source of aldehyde via the glycol; 
for the two monoacetates, even if originally rigorously pure (which is improbable), must 
have undergone at least in part a disproportionation of the type described by Cretcher and 
Pittenger.11_ This reaction would here yield propylene glycol and its diacetate; and a 
little of the latter was actually observed by Vaughn ® in the pyrolysate, though admittedly 
it might have been present in the original pyrolysand. 

* Hurd and Bennett, J. Amer. Chem. Soc., 1929, 51, 1197. 

* Jones and Ritchie, unpublished observation, 1956. 

5 Bailey and Rosenberg, J. Amer. Chem. Soc., 1955, 77, 73; Bailey and King, ibid., p. 75; Bailey, 
Hewitt, and King, ibid., p. 357. 

§ Chitwood, U.S.P. 2,251,983/1941. 

? Ash, Carlson, Koslin, and Vaughn, U.S.P. 2,441,540/1948. 

§ Burchfield, U.S.P. 2,485,694/1949. 

* Vaughn, U.S.P. 2,415,378/1947. 

10 Nef, Annalen, 1904, 335, 191. 

11 Cretcher and Pittenger, J. Amer. Chem. Soc., 1925, 47, 2560. 
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These considerations can readily account for the propionaldehyde observed by 
Chitwood; * and they invalidate the proof advanced by Vaughn ® for the presence of 
propenyl acetate (namely, detection of propionaldehyde in the hydrolysate from low- 
boiling pyrolysate fractions), since the pyrolysate must have contained this aldehyde even 
before hydrolysis. No evidence is recorded by Ash e al.’ or Burchfield * in support of 
their claim that propenyl acetate is formed. 

Mechanism of Disproportionation.—In view of the foregoing results, it is necessary to 
seek a mechanism for the D reaction which will permit disproportionation of ethylene 
dibenzoate! but not of its trimethylene and propylene homologues. A convincing 
explanation emerges from the following three experiments : 

(i) Copyrolysis of benzoic acid and vinyl benzoate (equimolar mixture: ca. 500°) 
gives a much higher yield of benzoic anhydride than does pyrolysis of ethylene dibenzoate 
itself.12 Since benzoic acid undergoes negligible conversion into anhydride under the same 
conditions,! the latter must be produced in the actual copyrolysis of the acid and its vinyl 
ester. 

(ii) Vinyl benzoate, refluxed gently with a molar equivalent of benzoic acid (bath ca. 
280°), yields benzoic anhydride almost quantitatively,!* presumably because hére the much 
lower temperature minimises competitive destruction of vinyl benzoate by the R/C? 
breakdown (threshold temperature ca. 190°). 

(iii) Ethylidene dibenzoate (ca. 500°) undergoes two competitive scissions: (a) a 
major disproportionation to benzoic anhydride and acetaldehyde, and (4) a minor A? scission 
to benzoic acid and vinyl benzoate. This agrees with Matheson’s claim * that the analo- 
gous compound ethylidene diacetate (at ca. 410°) yields mainly acetic anhydride and 
acetaldehyde, with a small amount of acetic acid and viny] acetate. 

These results clearly indicate that the overall breakdown of ethylene dibenzoate is 
best represented thus : 


A 
BzO-CH,-CH,-OBz ——® BzOH + BzO-CH:CH, === BzO-CHMe-OBz 
At 


ze 


A Ce R/C Bz,O + Me-CHO 
(Favoured by higher (Favoured by lower 
temperatures) temperatures) 


This concept is supported by the fact that at ca. 480° cyclohex-l-enyl benzoate yields 
a negligible amount of benzoic acid, and no anhydride; whereas, gently refluxed with a 
molar equivalent of benzoic acid, it gives the anhydride and cyclohexanone in fair yield,” 
a result now best interpreted thus : 


OBz D 
OBz + BzOH = ——— Bz,0 ¢ ‘e) 
A OBz 


It appears, therefore, that ‘“ disproportionation ” of a 1 : 2-alkylene diester is preceded 
by thermal re-addition of the primary A?! scission products to give a 1: l-alkylidene 
diester, the true precursor of the D reaction. This explains very simply the failure of 
trimethylene (II) and propylene dibenzoate (IV) to disproportionate, since here the A? 
scission products, benzoic acid and allyl benzoate, cannot yield a 1 : 1-diester by re-addition 
(cf. the known interaction of acetic acid and allyl acetate to yield a 1 : 2-diester, propylene 
diacetate 14). 

The formation of an alkylidene diester by the catalysed addition of a carboxylic acid to its 

12 Allan, Ph.D. Thesis, Glasgow University, 1956. 


13 Matheson, B.P. 368,835/1930; U.S.P. 1,872,479/1932; cf. Geuther, Annalen, 1858, 106, 249. 
14 yon Béhal and Desgrez, Compt. rend., 1892, 114, 676. 
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own !® (or another 16) vinyl ester is, of course, well known; but the above uncatalysed 
thermal additions, in the liquid or vapour phase, do not appear to have been recorded 
previously. 

It is possible that this concept may have other applications. The well-known efficiency 
of enol carboxylates (e.g., tsopropenyl acetate) as acylating agents is usually attributed 
to ester interchange. However, although an equimolar mixture of vinyl benzoate and 
benzyl alcohol yields benzyl benzoate and acetaldehyde almost quantitatively when simply 
refluxed (5 hr.; bath 240°), an equimolar mixture of allyl benzoate and benzyl alcohol 
remains virtually unchanged under the same conditions.* This suggests that the “ ester 
interchange ”’ may be, in fact, an addition—disproportionation sequence of the general type 
discussed above : 


BzO-CH:CH, p> _—BzO-CH,Ph 
+ —» [BzO-CHMe-O-CH,Ph] ——> + 
Ph-CH,-OH |: |-Addition product ? Me-CHO 


Allyl Benzoate and Acetate——Pyrolysis of these esters was studied, to assist in inter- 
preting minor secondary products obtained from diesters (II) and (IV). The two allyl 
esters break down, at ca. 450—500°, by the following competitive routes : 


C= RCHO + CHICHCHO . . .... 8 





R-CO,*CH,°CH:CH, 
hie” OO, + CMSUOCMR  ...... @ 
There was no evidence for the further formal possibility that both allyl esters might 
undergo A! scission to carboxylic acid and allene (and/or methylacetylene), and that the 
acetate might yield keten and allyl alcohol by B? scission. 

Both allyl esters yield the known scission-products of the aldehyde R-CHO, and of 
acraldehyde; but, while the latter aldehyde can readily be detected in the pyrolysate, 
it is unexpectedly difficult to demonstrate directly the formation of benzaldehyde from 
allyl benzoate by reaction B*. Pure benzaldehyde largely survives passage through the 
reaction vessel under the same conditions; yet allyl benzoate containing 5% of added 
benzaldehyde yields a pyrolysate containing only a trace of the latter. Possibly some 
unexpected type of free-radical attack is responsible for this enhanced destruction of 
benzaldehyde during the copyrolysis. 

Benzoic Anhydride.—This substance was studied to assist in accounting for minor 
by-products in the pyrolysate from methylene dibenzoate. The anhydride, like the 
diester, is remarkably thermostable; but at ca. 550° it yields a complex pyrolysate con- 
taining benzoic acid and benzene (predominating), together with carbon monoxide and 
dioxide, benzophenone, diphenyl, and benzaldehyde. Some of these products can be 
tentatively but reasonably explained thus : 


Oe OO. ww ee eS 
Ci aweeGh ey... 6 - so + the me so 


The others, however, are more surprising; and the formation of benzoic acid (which 
is one possible precursor of the observed benzene) may be compared to the unexpected 
formation of traces of this substance in the pyrolysis of ««-dicyanobenzyl benzoate,!? 
which like the anhydride possesses no 8(or «)-hydrogen atom. 

For most of the observed products, more than one possible origin can be visualised, by 
way of high-temperature radical reactions. That such radical reactions do, in fact, occur 
is demonstrated by the formation of chlorobenzene and, rather surprisingly, hexachloro- 
benzene during the copyrolysis, at ca. 550°, of an equimolar mixture of benzoic anhydride 
and carbon tetrachloride (cf. the analogous use of carbon tetraiodide 18). 

18 Chem. Fab. Griesheim-Elektron, G.P. 271,381/1914. 

16 Idem, G.P. 313,696/1919; Hermann and Haenel, G.P. 753,039/1952. 


17 Bennett, Jones, and Ritchie, J., 1956, 2628. 
18 Simon and Dull, J. Amer. Chem. Soc., 1933, 55, 2696. 
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EXPERIMENTAL 
Apparatus.—The arrangement of reaction vessel, furnace, traps, and receivers has previously 
been described.! 

Results —The Table summarises the general experimental results for 17 pyrolyses. The 
composition of each gaseous pyrolysate (c) is reported on a nitrogen-free basis. Several reaction 
vessels, of different dimensions, were used (all of Pyrex glass, packed with Pyrex helices); and 
to bring all results on to a common basis, a contact time (¢, sec.) is calculated for each run from 
the usual type of formula, ¢, = 273pV/22-4TN, where p = pressure in reaction vessel (atm.) ; 
V = free unpacked space therein (l.); TZ = temp. of reaction zone (°K); N = feed rate of 
pyrolysand (mole/sec.). In the present work, where p = 1 atm. (approx.), ¢, = 12:2V/TN. 
This expression is, of course, an over-simplification (it assumes that 7 is uniform over the whole 
contact-volume V, and that the gaseous pyrolysand undergoes no volume change other than 
that due to thermal expansion), but it gives a useful common comparative measure of contact 








time. 
Propylene 
Pyrolysand (1) (11) (111) (LV) diacetate 
Pyrolysis no, l 2 3* 4 5 6 7 8 
BOMB. scocsenvavssvsccoscssoasecs 500 550° 400 500° 500 500 “500° 500° 
Feed rate (g./min.) ......... 0-38 0-33 0-85 0-50 0-20 0-36 0-56 0-57 
Contact time (sec.) ......... 19 147 18 16 250 22 8 13 
Weight pyrolysed (g.) ...... 45-5 52 104 60 10 79 50 80 
Pyrolysate : 
(a) in cold trap (g.)... 3-5 Trace Trace Nil [race Trace ; 
(6) in main receiver (g.)... 37 42-5 99-5 52-5 9-3 72 40 438 
(c) gaseous (1.) ............ 2-5 12 1-5 4 1-5 3 5t 17 
Composition (%) of (c) : 
Carbon monoxide ......... 40-0 58-6 40-5 38-6 66-5 45-7 35-0 - 
Carbon dioxide ............ 14-8 27: 46-8 48-5 20-5 45-3 22-2 - r 
BRVEROGOR  cccccosccsscoccecs 42-0 12-9 Nil Nil Nil Nil Nil 
Sat. hydrocarbons......... ca. 3-0 Trace Nil Nil 12-2 Nil 33-5 - 
Unsat. hydrocarbons Trace ? Nil 12-7 12-9 0-8 9-0 9-3 
Ally] Acralde- Benz- Allyl Benzoic 
Pyrolysand benzoate hyde aldehyde acetate sis anhydride . 
Pyrolysis no. 9 10 ll 12 13 14 15 16 17 
TOMA, cscesatecnnctesisssewssencs 455 500° 480° 500° 500° 500°) 525° 550° 565° 
‘eed rate (g./min.) ......... 0-75 0-33 0-50 0-50 1-00 0-62 0-34 0-60 0-60 
Contact time (sec.) ......... 6 14 34 10 5 5 122 67 66 
Weight pyrolysed (g.) ...... 50 40 30 50 60 50 76 60 8U 
Pyrolysate : 
(a) in cold trap (g.)_ ...... Nil <1 Nil, Nil 10 - - —— 0-8 
(6) in main receiver (g.)... 49 37 27 46 40-5 42-5 65-5 53 65-5 
(c) gaseous (I.) ............ 1 2 3 1 7 4:5 3-3 3-8 6-5 
Composition (°5) of (« 
Carbon monoxide ......... 47-4 77-5 96-0 43-0 47-0 80-9 58°5 49-5 
Carbon dioxide ............ 4-4 3-5 Nil 51-0 = 43-7 19-1 41-5 50-5 
BE, ccctanseseccsneses Nil Nil Nil Nil Nil Trace? Nil Nil 
Sat. hydrocarbons......... Nil Nil Nil Nil Nil Nil Nil Nil 
Unsat. hydrocarbons 13-2 19-0 4-0 6-0 9-3 Nil Nil Nil 


* Pyrolysand introduced in pellet form. 


~ Cold trap omitted 


Analytical Methods.—The detailed examination of each pyiolysate is summarised below. 
All aldehydes and ketones were characterised as their 
chromatography ?* or mixed m. p.); benzene was characterised as m-dinitrobenzene (mixed 
Acid anhydrides were also’ ff 


— Not examined. 


9 


: 4-dinitrophenylhydrazones (paper Ff 


m. p.); all other solids mentioned were identified by mixed m. p. 
detected by the Davidson—Newman ”* colour reaction. 
of fractions was in many cases supplemented by infrared spectrometry. 


Methylene Dibenzoate (1).—Preparation. 


19 Burton, Chem. and Ind., 1954, 576. 
20 Davidson and Newman, J. Amer. Chem. Soc., 1952, 74, 1515. 


The normal chemical examination 


The diester, prepared by the action of benzoyl 


t Including 0-5 1. obtained on evaporation of (a). 
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chloride on paraformaldehyde in presence of zinc chloride,?4 and crystallised from ethanol, had 
m. p. 99° (Staudinger and Liithy,?4 m. p. 99°) (Found: C, 70-3; H, 4-9. Calc. for C,;H,,0,: 
C, 70:3; H, 4-7%). 

Pyrolysis 1. The exit gases (c) contained formaldehyde (2: 4-dinitrophenylhydrazine 
trap); the cold trap (a) contained polyoxymethylene (yielding formaldehyde on heating). 
Product (b), treated with ether, gave an insoluble residue of polyoxymethylene; the extract, 
distilled, yielded benzoic acid (b. p. 120—138°/10 mm). and benzoic anhydride (b. p. 
192—198°/6 mm.). 

Pyrolysis 2. The exit gases (c) contained formaldehyde (2: 4-dinitrophenylhydrazine 
trap); the cold trap (a) contained benzene (ca. 2 g.) and polyoxymethylene (ca. 1-5 g.)._ Dis- 
tillation of (b) yielded (i) 10-25 g., b. p. 78—82° (benzene), (ii) 2-25 g., b. p. 60—87°/6 mm. 
(diphenyl (characterised as 4 : 4’-dinitrodiphenyl), benzaldehyde, and a trace of benzoic acid} 
(iii) 2-5 g., b. p. 87—120°/6 mm. (diphenyl, benzoic acid, and trace of benzoic anhydride), and 
(iv) 12-0 g., b. p. 148—164°/6 mm. (benzoic anhydride and trace of benzophenone). 

Trimethylene Dibenzoate (II).—Preparation. Trimethylene glycol was benzoylated in 
acetone solution, and the product precipitated with alkali. Recrystallisation from benzene- 
light petroleum gave the pure dibenzoate, m. p. 57—59° (Gabriel,?* m. p. 57-5°). 

Pyrolysis 3. In this run, the solid pyrolysand was introduced in pellet form by a solenoid- 
operated feed. Distillation of (b) yielded (i) 2 g., b. p. 50—72°, (ii) 2 g., b. p. 50—82°/1 mm., 
(iii) 20 g., b. p. 783—81°/0-5 mm., (iv) 4 g., b. p. 86°/0-5 mm., and (v) 71-5 g. of high-boiling 
material. No carbonyl compound other than acraldehyde was detectable in fractions (i) and 
(ii); fractions (ii)—(iv) were mixtures of allyl benzoate and allylbenzene (cf. Pyrolysis 4) ; 
fraction (v) yielded benzoic acid (22 g.) and unchanged diester (38-5 g.), and gave the colour 
reaction 2° of an acid anhydride. The gaseous pyrolysate (c) contained ethylene, acetylene, 
and possible traces of methane (infrared). 

Pyrolysis 4. The exit gases (c) and the contents of the cold trap (a) contained acraldehyde. 
Distillation of (b) yielded (i) 1-5 g., b..p. 40—70°/7 mm. (160° by capillary tube method), (ii) 
7 g., b. p. 90—98°/6 mm., (iii) 16 g., b. p. 100—109°/6 mm., and (iv) 27 g. of residue. Fraction 
(i) contained traces of acraldehyde; the main constituent (unidentified) showed infrared 
absorption bands tentatively correlated with vinyl and hydroxyl groups. Fractions (ii) and 
(iii) were mainly allyl benzoate; the combined fractions had b. p. 228—230°, and an alkaline 
hydrolysis yielded benzoic acid, allyl alcohol (phenylurethane), and a non-saponifiable fraction, 
allylbenzene (infrared spectrum identical with that of a specimen prepared by the Friedel— 
Crafts method #8). The residue (iv) yielded benzoic acid (20 g.) and charred material (7 g.). 

Ethylidene Dibenzoate (III).—Preparation. The diester was prepared* by heating ethylidene 
diacetate with benzoic anhydride and a trace of concentrated sulphuric acid (100°); it formed 
crystals [from light petroleum (b. p. 100—120°)], m. p. 70° (Wegscheider and Spath,** m. p. 72°). 

Pyrolysis 5. The exit gases (c) contained acetaldehyde. Distillation of (b) yielded (i) 0-2 g., 
b. p. 70—120°/2 mm., (ii) 1-3 g., b. p. 120—170°/2 mm., (iii) 3-5 g., b. p. 170—180°/2 mm., and 
(iv) 1-5 g., residual tars (overall loss 3-5 g.)._ Fraction (i) was vinyl benzoate (infrared), benzalde- 
hyde, acetophenone (chromatography), and (trace) benzoic acid; fractions (ii) and (iii) were 
benzoic acid, benzoic anhydride, and acetophenone. (In a repetition of Pyrolysis 5, keten and 
acetic anhydride were carefully sought, but were absent.) 

Propylene Dibenzoate (IV).—Preparation. Propylene glycol was benzoylated with a 20% 
excess of benzoyl chloride, and the product carefully fractionated. The pure ester (IV) had 
b. p. 202—203°/4 mm. (Heim and Poe,?5 b. p. 232°/12 mm.) (Found: C, 71-8; H, 5-8. Cale. 
for C,,H,,O,: C, 71-8; H, 5-7%). 

Pyrolysis 6. Distillation of (b) yielded (i) 1 g., b. p. 45—80°, (ii) 22 g., b. p. 40—90°/5 mm., 
(ili) 3 g., b. p. 82—92°/0-5 mm., (iv) 1 g., b. p. 92—180°/0-5 mm., (v) 6 g., b. p. 180—195°/0-5 
mm., and (vi) 14g. of residue. Fraction (i), and a trace of liquid in the cold trap (a), consisted 
of acraldehyde, with no evidence for propionaldehyde; fractions (ii) and (iii) were mainly allyl 
benzoate (infrared; no bands present attributable to propenyl or isopropenyl benzoate) ; 
fractions (iv) and (v) were mainly unchanged ester (IV). Benzoic acid (31 g.) was recovered 


21 Staudinger and Liithy, Helv. Chim. Acta, 1925, 8, 57. 

2 Gabriel, Ber., 1905, 38, 2406. 

*3 Huston and Sager, J. Amer. Chem. Soc., 1926, 48, 1956. 
*4 Wegscheider and Spath, Monatsh., 1909, 30, 860. 

28 Heim and Poe, J. Org. Chem., 1944, 9, 299. 
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from the residue. A sub-fraction (b. p. 34—-48°/0-7 mm.) from fraction (ii) contained allyl- 
benzene (infrared). 

Propylene Diacetate——Preparation. Propylene glycol was acetylated in presence of zinc 
chloride (violent reaction); 1* the product was dissolved in ether and very carefully washed, 
to remove free glycol, and fractionally distilled several times. The purified diester had b. p. 
188—191° (von Béhal and Desgrez,!* b. p. 191°) (Found: C, 52-4; H, 7-8. Calc. for C,H,.0,: 
C, 52-5; H, 7-6%). 

Pyrolysis 7. Slightly impure propylene diacetate was used, to demonstrate the effect of 
propylene glycol in the pyrolysand. Distillation of (b) yielded (i) 1 g., b. p. 50—99° (mainly 
propionaldehyde), (ii) 14 g., b. p. 99—110° (allyl acetate) (refractive index), giving allyl alcohol 
(phenylurethane) on hydrolysis, (iii) 15 g., b. p. 110—130° (containing acetic acid), (iv) 8 g., 
b. p. 130—186° (unchanged diester), and (v) 2 g. of residue. Fractions (iii) and (iv) contained 
no acid anhydride (colour test *°). 

Pyrolysis 8. Highly purified propylene diacetate was used for this run. Distillation of 
(b) yielded (i) 3 g., b. p. 48—105°, (ii) 13 g., b. p. 105—113°, (iii) 16 g., b. p. 113—118°, (iv) 
7 g., b. p. ca. 118°, and (v) 7 g. of residue. Fraction (i) contained acraldehyde and traces of 
allyl acetate (refractive index); fractions (iii) and (iv) were acetic acid (refractive index). 
Fractions (ii), (iii), and (iv) were combined, washed free from acid, and carefully fractionated, 
yielding 3 g. of pure allyl acetate, b. p. 100—104° (infrared); hydrolysis of this yielded only 
acetic acid and allyl alcohol, and there was no evidence (infrared) for propenyl or isopropenyl 
acetate. The exit gases (c) contained acraldehyde, and a vanishingly small trace of propion- 
aldehyde (2 : 4-dinitrophenylhydrazine trap; paper chromatography ?*). 

Allyl Benzoate-—Preparation. Benzoylation of allyl alcohol,?* followed by careful fraction- 
ation, yielded the pure ester, b. p. 78—80°/2 mm. (Perkin,?* b. p. 80°/1 mm.). 

Pyrolysis 9. Distillation of (b) yielded (i) a few drops, b. p. 52—120° (mainly acraldehyde), 
(ii) 1 g., b. p. 40—80°/7 mm. (containing acraldehyde), (iii) 34 g., b. p. 77—-80°/2 mm. (unchanged 
allyl benzoate), and (iv) 14 g. of residue. No benzaldehyde could be detected, but its break- 
down product, benzene, was identified. 

Pyrolysis 10. The pyrolysand was a mixture of allyl benzoate (95%) and benzaldehyde 
(5%). The cold trap contained a trace of unidentified liquid (2) having the same infrared 
spectrum as fraction (i) from Pyrolysis 4. Distillation of (b) yielded (i) 1-5 g., b. p. 60—82° 
(acraldehyde and benzene : infrared), (ii) 1 g., b. p. 40—80°/10 mm. (unchanged allyl benzoate, 
with trace of benzaidehyde : infrared), (iii) 26 g., b. p. 80—90°/5 mm. (unchanged allyl benzoate), 
(iv) 1 g., b. p. 92°/4 mm. (containing benzoic acid), and (v) 7-5 g. of residue (benzoic acid and 
charred material). 

Pyrolysis 11. Acraldehyde was pyrolysed as a check on the infrared spectrum of (c) from 
Pyrolyses 3 and 9. Distillation of (b) yielded (i) 1 g., b. p. 20—51°, (ii) 25 g., b. p. 52—56°, and 
(iii) 1 g., b. p. 56—58°. All three consisted almost wholly of unchanged acraldehyde; no 
material was obtained corresponding to the unidentified liquid from Pyrolyses 4 and 10. 

Pyrolysis 12. Redistilled benzaldehyde was pyrolysed as a check on Pyrolysis 10, in which 
benzaldehyde was almost wholly destroyed. Distillation of (6) yielded (i) 1 g., b. p. 84—160° 
(containing benzene: characterised as m-dinitrobenzene), (ii) 41 g., b. p. 176—180° (un- 
changed benzaldehyde), and (iii) 4 g., b. p. 180° (benzaldehyde, with a little benzoic acid, the 
latter being a pyrolysis product previously reported by Lachman 2’). 

Allyl Acetate-——Preparation. Pure ester, b. p. 103—104°, from British Drug Houses Ltd., 
was used. 

Pyrolysis 13. Evaporation of (a) at room temperature yielded mostly but-l-ene (infrared), 
with some acraldehyde, but no keten (aniline-ether trap); distillation of the less volatile 
residue from (a) then gave acraldehyde (1 g., b. p. 45—70°) and allyi acetate (2 g.; 
b. p. 70—102°). Distillation of (b) yielded (i) 6 g., b. p. 70—100°, (ii) 32-5 g., b. p. 100—108°, 
and (iii) 4 g. of residue. Fraction (i) contained no allyl alcohol (alkali alkyl xanthate test,1* 
with control tests on pure allyl alcohol); fractions (ii) and (iii) were mainly unchanged allyl 
acetate, and contained no acid anhydride (colour reaction *°). 

Pyrolysis 14. The gaseous pyrolysate (c) only was examined, in two portions. Olefins 
were removed from the first by bromine-chloroform; the residue contained methane (trace) 

26 Perkin, J., 1896, 69, 1226. 


27 Lachman, J. Amer. Chem. Soc., 1924, 46, 720. 
28 Feigl, “‘ Spot Tests,” Elsevier, Amsterdam, 4th Edn. (revised), 1954, p. 129 
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andethylene. The second contained acraldehyde but no acetaldehyde (fractional crystallisation 
of product from 2 : 4-dinitrophenylhydrazine trap). 

Benzoic Anhydride.—Preparation. Pure anhydride was prepared by treatment of benzoic 
acid with acetic anhydride ; ** crystallised from light petroleum, it had m. p. 42-5° (Anschiitz,?® 
m, p. 42-5°). 

Pyrolyses 15—17. The analyses of the gaseous pyrolysates (c) show a diminishing CO : CO, 
molar ratio with increasing temperature. In Pyrolysis 17, the cold trap (a) contained benzene 
(0-8 g.); distillation of (b) yielded (i) 7-5 g., b. p. 78—82° (benzene), (ii) 6-5 g., b. p. 100—130°/10 
mm. [diphenyl (characterised as 4 : 4’-dinitrodiphenyl), benzaldehyde, and benzoic acid], (iii) 
4-25 g., b. p. 130—160°/10 mm. (benzoic acid and trace of diphenyl), (iv) 32-5 g., b. p. 
160—170°/10 mm. (benzoic anhydride and a trace of benzophenone), (v) 2-0 g., b. p. 170— 
210°/10 mm. (benzoic anhydride and tar), and (vi) 5-75 g. of high-boiling tars. 

Copyrolysis of Benzoic Anhydride and Carbon Tetrachloride.—A mixture of benzoic anhydride 
(22-3 g.) and “* AnalaR ”’ carbon tetrachloride (23-2 g.), pyrolysed at 550° (feed rate, 0-25 g./min. ; 
contact time, 119 sec.) gave a gaseous pyrolysate (10-0 1.) containing 51:5% of displaced 
nitrogen; the nitrogen-free fraction consisted of carbon monoxide (41-7%), carbon dioxide 
(32-8%), and hydrogen chloride (25-5%). On distillation, the liquid pyrolysate (23-0 g.) 
yielded (i) 2-5 g., b. p. 97—115°, (ii) 2-0 g., b. p. 115—130°, (iii) 2-5 g., b. p. 130—146°, (iv) 
3-0 g., b. p. 54—74°/4 mm., (v) 1-0 g., b. p. 75—100°/4 mm., (vi) 3-5 g., b. p. 100—150°/4 mm., 
and (vii) 8-25 g. of high-boiling tars. Fractions (i)—(iii) consisted of carbon tetrachloride and 
chlorobenzene; fraction (iv) was chlorobenzene (characterised as 1-chloro-2 : 4-dinitrobenzene) ; 
fraction (v) was benzoic anhydride and (trace) chlorobenzene; fraction (vi) was hexachloro- 
benzene, m. p. and mixed m. p. 227°. , 

The authors thank Messrs. J. and P. Coats Ltd. for the award of a Coats Research Fellow- 
ship (to R. J. P. A.), the Department of Scientific and Industrial Research for the award of a 
Maintenance Allowance (to E. J.), and Imperial Chemical Industries Limited for a grant. 
They also thank Dr. W. J. Bailey for helpful discussions. 
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105. The Rearrangement of Furfuryl Alcohol to Methyl Levulate. 
By K. G. Lewis. 


The structure of the substance isolated originally by Pummerer and 
Gump ! from the rearrangement of furfuryl alcohol by methanolic hydrogen 
chloride, has been determined. A number of closely related substances has 
been shown to rearrange to methyl levulate. A mechanism for this re- 
arrangement is suggested. 


PUMMERER and co-workers 1+? isolated from the mixture obtained by treatment of furfury] 
alcohol with methanolic hydrogen chloride a substance (C,H,,0,) to which they assigned 
the structure 8-methoxylevulaldehyde dimethyl acetal (I). They showed ! that treatment 
of this substance with acid gave methyl levulate in good yield, and claimed that it was an 
essential intermediate in the formation of methyl levulate from furfuryl alcohol. Deriaz, 
Stacey, Teece, and Wiggins * repeated this work, and accepted the structure of the inter- 
mediate as (I) and prepared from it a bis-2 : 4-dinitrophenylhydrazone (II), m. p. 221° 
(Pummerer e¢ al. recorded 192°). Clauson-Kaas * synthesised a 8-methoxylevulaldehyde 
bis-2 : 4-dinitrophenylhydrazone, m. p. 248°, and drew attention to the discrepancy in the 
recorded melting points. Marked differences also exist in the properties of synthetic 

1 Pummerer and Gump, Ber., 1923, 56, 999. 

? Pummerer, Guyot, and Birkofer, Ber., 1935, 68, 480. 


* Deriaz, Stacey, Teece, and Wiggins, J., 1949, 1222. 
* Clauson-Kaas, Acta Chem. Scand., 1952, 6, 556. 
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8-methoxylevulaldehyde dimethyl acetal (I) and the product isolated by Pummerer 
et al.;2 and Deriaz et al.3 The synthetic acetal is, moreover, not rearranged by acids. 
Subsequently, Clauson-Kaas and Nielsen ® showed that the furfuryl alcohol intermediate 
(CgH,,0,) could be converted into a methoxy-tropinone (III) which was different from 
the methoxy-tropinone (IV) derived from authentic 3-methoxylevulaldehyde by a similar 
reaction sequence. Clauson-Kaas ef al.5 deduced that the structure of the intermediate 
(CgH,,0,) was (« or 8)-methoxylevulaldehyde dimethyl acetal (V) or (VI). 


MeO-CH,*CO-CH,°CH,-CH(OMe), (I) 





oe cil NE tie 
H | 

NMe co NMe co 
OMe | | | | 

-CH——C CH, CHy—— C-————— CH, 

(IIT) I | (IV) 
Me CH,-OMe 
(V) Me-CO-CH,-CH(OMe)-CH(OMe), Me-CO-CH(OMe)’CH,"CH(OMe), (VI) 


Similar conclusions, based on different evidence, had been reached independently in 
these laboratories. It was found that the bis-2 : 4-dinitrophenylhydrazone (II) prepared 
as described by Deriaz et al.5 contained, in addition to a methoxy-group, a C-methyl group. 
The original substance (C,H,,0,) gave a positive iodoform reaction, and, when treated 
with 2: 4-dinitrophenylhydrazine in hot methanolic acid, formed 4-oxopent-2-enal bis- 
2: 4-dinitrophenylhydrazone (VII). The above evidence indicates that the substance 
(CgH,,0,) must be either (V) or (VI). It was then subjected to the haloform reaction in 
the expectation that the reaction would produce either of two methoxy-acids, deter- 
mination of the structures of which would decide between (V) and (VI). When the 
substance (CgH,,0,) was treated with sodium hypochlorite, dichloroacetic acid and a 
neutral liquid (CgH,,0,Cl,) were isolated. The latter contained three methoxyl groups, 
and, when treated with 2 : 4-dinitrophenylhydrazine under the correct conditions, formed 
a mono-derivative, which still contained a methoxyl group and two chlorine atoms. If 
three methoxyl groups are present in the neutral liquid, then, assuming the remaining 
carbon atoms form a nucleus, relatively few formulations are possible, the conditions of 
the haloform reaction being considered. Thus structures possessing a chlorine atom and 
a methoxyl group attached to the same carbon atom may be discarded, as the halogen 
atom would be highly reactive and very easily hydrolysed in aqueous solution. Three 
structures (VIII—X) must be considered. 


CHCI,-CH(OMe)-CH(OMe), MeO:CH,-CCI,-CH(OMe), CHCI,-C(OMe),"CH,OMe 
(VIII) (IX) (X) 


The isolation of the derivative of 4-oxopent-2-enal (VII) indicates (cf. ref: 5) the skeleton 
Me-CO-C-C-CHO for the original, and thus eliminates the ketal structure (X). Of the 
two remaining possibilities, only (VIII) agrees with the facts. Consideration of a possible 
mechanism for the anomalous haloform reaction supports this assignment. Formule 
(V) and (VI) for the original substance (C,H,,0,) correspond to the two structures (VIIT) 
and (IX) for the haloform product. The two tetrachloro-substituted precursors required 
by a haloform reaction yielding dichloroacetic acid and substance (VIII) or (IX) would 
have structures (XI) and (XII), respectively. 


(XI) CHCI,-CO-CCI,-CH(OMe)-CH(OMe), CHCI,-CO-CH(OMe)-CCI,-CH(OMe), (XII) 


Substitution on the “ wrong” side in haloform reactions has been observed as a side 
reaction, together with normal substitution, even in simple aliphatic ketones. In the 


5 Clauson-Kaas and Nielsen, Acta. Chem. Scand., 1955, 9, 475. 
* Cullis and Hashmi, J., 1956, 2512. 








— 


oh a a a? re a 


on 

the 
ble 
lz 
TI) 
red 
uld 


side 
the 











XUM 


[1957] Furfuryl Alcohol to Methyl Levulate. 533 


halogenation of compound (V), reaction presumably occurs first on the side away from the 
methyl group, where the hydrogen atoms are activated by the inductive electron with- 
drawal of the methoxy-group. When both of these hydrogen atoms are replaced, substitu- 
tion of the hydrogen atoms of the methyl group occurs, and abnormal fission of the 
molecule takes place after four chlorine atoms have been introduced. Similar fission 
across the “‘ wrong ’’ C-C bond has been observed by Cullis and Hashmi ® during iodoform 
reaction of methyl isopropyl ketone, where the formation of isopropyl iodide and iodo- 
acetic acid was shown to occur in addition to the normal products. These authors suggest 
that premature fission of the haloform product before complete substitution of the 
hydrogens of the methyl group is favoured by steric hindrance, and the intermediate 
(XI), or its anion, would presumably be considerably hindered. (The formation of some 
chloroform and normal C-C bond fission is not excluded, as the original substance does 
give an iodoform test.) 

The formation from structure (VI) of the tetrachlorinated intermediate (XII) would 
seem most improbable. Halogenation adjacent to the acetal grouping by sodium hypo- 
chlorite is unusual, but that the hydrogen atom on the methoxyl side should remain 
unsubstituted under these conditions is even more improbable. On the basis of the 
considerably greater enolic content of methoxyacetone ’ than that of acetone, it would 
be expected that substitution would occur first on the side of the methoxyl group. Fission 
at the stage of substitution (XII) would also seem less likely than for (XI). 

This evidence favours structure (VIII) for the neutral haloform product and thus 
a-methoxylevulaldehyde dimethyl acetal (V) for the product isolated from the rearrange- 
ment of furfuryl alcohol. Formulation (V) is in good agreement with the following : 
(i) The ready formation of the bis-2 : 4-dinitrophenylhydrazone (VII) from (V) in hot 


(XIII) Me-CO-CH:CH-CH(OMe), + MeOH ——= (V) 


methanolic hydrochloric acid. (ii) The occurrence together in the mixture from the 
treatment of furfuryl alcohol with methanolic benzenesulphonic acid of 4-oxopent-2-enal 
dimethyl acetal (XIII) and the methoxy-acetal (V). The conversion (XIII) —» (V) 
should be governed by the free carbonyl group, and thus yield the «-methoxy-isomer. 
Conversely, if the unsaturated acetal were formed from compound (V), elimination of the 
methoxy-group, under the mildly acidic conditions, should occur from the carbon atom 
to the free carbonyl group.’ (iii) The stability of the rearrangement product (V) to both 
Fehling’s solution and ammoniacal silver nitrate at room temperature. It is reported 
that «-methoxy-ketones [such as (VI)] have powerful reducing properties, in particular 
that Fehling’s solution * 1° and ammoniacal silver nitrate ® 11 are rapidly reduced in the 
cold. 

The mechanism of conversion of furfuryl alcohol into levulic acid, by aqueous acids, 
has been discussed recently by Dunlop and Peters,!* and, as modified for methanol solution, 
is as Shown on page 534 (first set of formule). 

These authors discounted the structure 3-methoxylevulaldehyde dimethy] acetal for the 
product isolated by Pummerer and co-workers }:? and, to account for the observed ease of 
conversion into methyl levulate, suggested that it was probably one of the formule 
(XVI—XVIII), which, they suggested, could be formed from the intermediate (XIV) by 
addition of methanol to give (XV). This, by rearrangement and addition of methanol 
with or without ring opening, would yield (XVI), (XVII), or (XVIII). The present work 


? Kenner and Richards, J., 1953, 2240. 

8 Houben-Wey]l, ‘‘ Methoden der organischen Chemie” (Sauerstoff-verbindungen, 11), G. Thieme, 
Stuttgart, 4th. Edn., Vol. VII, pt. 1, p. 384. 

® Leonardi and de Franchis, Gazzetta, 1903, 38, 319. 

10 Henry, Rec. Trav. chim., 1904, 23, 343. 

11 Gauthier, Ann. Chim. Phys., 1909, 16, 319. 

12 Dunlop and Peters, ‘‘ The Furans,”’ Reinhold Publ. Co., New York, 1953, p. 646. 
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establishes the identity of Pummerer’s intermediate as «-methoxylevulaldehyde dimethy] 
acetal, and the ready rearrangement of this substance to methyl levulate, observed by 
previous workers !»3 and confirmed in this work, remains to be explained. 


Uc on (wren = we <_ Ce 


5 
| ] MeO (iii) MeO.| OMe 
MeO ° Me <= cH, ——> 


H .e) H fe) Me 
jew) 
(XIV) (XV) 
Me-CO*CH,*CH,-CO,Me 
(i), H*. (ii), MeOH. (iii), H'-MeOH. (iv), H'-MeOH-H,O. 
The mixture obtained when furfuryl alcohol is heated with methanolic acid is quite 
complex, and the following compounds, in addition to methyl levulate, have been isolated, 


either in this work (indicated *) or by Clauson-Kaas e¢ al.—furfuryl methyl ether ¢, tetra- 
hydro-2 : 4 : 5-trimethoxysylvan® *, 4-oxopent-2-enal dimethyl acetal*, methyl levulate 











H.C CH, H.C CH, H.C — CH, 
Me-CO C(OMe), Fag Me-C(OMe), CO,Me 
(XVI) MeO (XVI) (XVIII) 


ketal,® and a-methoxylevulaldehyde dimethyl acetal **. All these compounds on further 
treatment with methanolic hydrogen chloride are converted into methyl levulate. In 
addition, it has been observed in this work and by Clauson-Kaas ¢¢ al.° that 2 : 5-dimethoxy- 
2 : §-dihydrosylvan (XV) is similarly converted into methyl levulate. 

The transformation of methyl levulate ketal into the ester requires no comment. The 
other four compounds may be inter-related as follows : 


HC === CH H.C —— CH: OMe 
(i) “ 
Me. | LH YS Me] lH 
M i “i. Pa ~~ M Oo’ “* Pd “N 
a + = ° we 


a fo 
(ii) 
XIII + MeOH Qa Vv 


aac 


(i), H-MeOH. (ii), H*. 


The dihydrosylvan (XV) was not isolated from the fractionation of the rearrangement 
mixture, although a search for it was made. It is believed that the products (V), (XIII), 
and (XIX) are formed as outlined above from the dihydrosylvan (XV), and that this is 
formed from furfury] alcohol, essentially as already indicated. The essential intermediate 
in the rearrangement of the above compounds to methyl levulate is considered to be the 
unsaturated acetal (XIII), into which, in the presence of methanolic hydrogen chloride, 
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they may all be converted. The mechanism suggested for the transformation of the 
acetal (XIII) into methyl levulate may be represented as follows : 


Me-c—™CHECH x C(OMe); —> Me-C:CH-CH:C(OMe), —» Me+CO-CH,-CH,-COzMe 
- + 
Go - ° H + MeOH 
(XII) (XX) 


Extended enolisation of the carbonyl group results in the loss of the hydrogen atom 
attached to the carbon of the potential aldehyde group. The intermediate (XX) is then 
of ketone acetal type, and would undergo addition and elimination as indicated. Under 
absolutely anhydrous conditions, the addition of methanol with the formation of some 
orthoester might be expected. However, in the furfuryl alcohol rearrangement water is 
produced so that conditions are such that the normal ester and not the orthoester would 
be expected. 

The suggested mechanism involving the unsaturated acetal (XIII) is similar to one 
proposed by Isbell * to explain one stage of the conversion of 2-deoxypentoses into 
levulic acid. 


EXPERIMENTAL 

3-Methoxylevulaldehyde Dimethyl Acetal (1).—(i) Methyl tetrahydro-2 : 5-dimethoxyfurfuryl 
ether. This compound, prepared independently by a sequence of reactions similar to those of 
Clauson-Kaas,* had b. p. 86°/14 mm., #155 1-4325 (Found : C, 54-8; H, 9-1. Calc. for C,H,,O0, : 
C, 54-5; H, 9-15%) (Clauson-Kaas * records b. p. 81—82°/12 mm., n*5 1-4285). The bis-2: 4- 
dinitrophenylhydrazone of $-methoxylevulaldehyde had m. p. 242° (decomp.) (from nitro- 
benzene) (Found: C, 44-4; H, 3:7; N, 22-5; OMe, 6-4. Calc. for C,,H,gO,N,: C, 44-1; 
H, 3-7; N, 22-9; OMe, 6-3%) (lit.,4 m. p. 248°). (ii) 8-Methoxylevulaldehyde dimethyl acetal. 
The tetrahydrofuran derivative (21 g.) was added to dry methanol (80 ml.) containing hydrogen 
chloride (2 g.) and the mixture set aside for 4 days at 15° and then for 4 days at 30° (conditions 
used by Hall and Howe !* for the ring opening of 2 : 6-diethoxytetrahydropyran). The solution 
was made just alkaline by the addition of methanolic sodium methoxide, and carbon dioxide 
was bubbled through the solution to neutralise excess of alkali. The solution was filtered, the 
solvent evaporated, and the residue fractionated ina vacuum. Three fractions were collected. 
Fraction (1) (6 g.), b. p. 86—87°/15 mm., 71!*5 1-4307, was unchanged starting material; 
fraction (2), intermediate; fraction (3) (12 g.), b. p. 119—120°/15 mm., n?® 1-4312, was 3-methoxy- 
levulaldehyde dimethyl acetal (Found: C, 54:5; H, 9-15; OMe, 51-2. C,H,,O, requires 
C, 54:5; H, 9-15; 30Me, 52-8%). For «-methoxylevulaldehyde dimethyl acetal isolated 
from the rearrangement of furfuryl alcohol, Pummerer e? a/.? record b. p. 100—101°/16 mm. ; 
Deriaz et al.2 b. p. 89—90°(bath) /6 mm., 18 1-4236; Clauson-Kaas eé al.5 b. p. 112/21 mm., 
n*5 ]-4229. The bis-2: 4-dinitrophenylhydrazone formed from fraction (3) had m. p. 240° 
(decomp.) (from nitrobenzene) undepressed on admixture with the §-methoxylevulaldehyde 
bis-2 : 4-dinitrophenylhydrazone described above (Found: C, 44:5; H, 3-9; OMe, 5-9%). 
There was a marked depression on admixture with a-methoxylevulaldehyde bis-2 : 4-dinitro- 
phenylhydrazone. Treatment of 3-methoxylevulaldehyde with aqueous or methanolic acid 
did not yield either Jevulic acid or methyl levulate. 

a-Methoxylavulaldehyde Dimethyl Acetal (V).—A solution of furfuryl alcohol (100 g.) in 
methanol (1 1.) containing hydrogen chloride (1 g.) was refluxed for 4hr.4»3 Excess of anhydrous 
potassium carbonate was then added, the methanol distilled off, and the mixture filtered and 
rapidly distilled ina vacuum. The distillate, b. p. 40—110°/11 mm., was fractionated directly, 
the sodium hydrogen sulphite separation used by previous workers** being omitted. «-Methoxy- 
levulaldehyde dimethyl acetal had b. p. 92°/9 mm., 105°/17 mm., m8 1-4262 (Found: C, 55-0; 
H, 9-2; O, 36-3; OMe, 47-9, 51-8. C,gH,,O, requires C, 54:5; H, 9-15; O, 36-3; 30Me, 52-8%). 

Reaction of the Methoxy-acetal (V) with 2 : 4-Dinitrophenylhydrazine.—(i) In methanol. The 
methoxyacetal was added to a boiling 1% solution of 2: 4-dinitrophenylhydrazine in 1% 
methanolic hydrochloric acid. After some time, the hot methanolic solution was filtered and 


13 Isbell, J. Res. Nat. Bur. Stand., 1944, 32, 45. 
14 Hall and Howe, J., 1951, 2480. 
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the residue washed with hot methanol. The residue was crystallised from nitrobenzene-tetra- 
chloroethane to give 4-oxopent-2-enal bis-2 : 4-dinitrophenylhydrazone, m. p. 267° (decomp.) 
(Found: C, 44-9; H, 3-3; N, 24-6. Calc. for C,,H,,O,N,: C, 44:5; H, 3-1; N, 24-45%). 
There was no m. p. depression on admixture with authentic material, and the substance showed 
the ultraviolet absorption characteristic of this system.15 From the hot methanolic filtrate and 
washings, there was obtained on cooling methyl levulate 2 : 4-dinitrophenylhydrazone, m. p. 
and mixed m. p. 141—142°. (ii) In water. The methoxy-acetal (V) was added to a warm (30°) 
1% solution of 2: 4-dinitrophenylhydrazine in aqueous sulphuric acid (10% by volume) 
(conditions of Pummerer ef al.2). The orange powder that separated was filtered off, and 
washed thoroughly with water, dried, and recrystallised from ethyl acetate; it had m. p. 220° 
(Deriaz e¢ al.* record m. p. 221°) (Found: C, 44-6; H, 3-7; N, 22-7; OMe, 6-1; C-Me, 2-0. 
Calc. for C,,H,,0O.N,: C, 44-1; H, 3-7; N, 22-9; OMe, 6-3; 1 C-Me, 3-1%). 

Haloform Reaction on a-Methoxylavulaldehyde Dimethyl Acetal—The methoxy-acetal (V) 
(30 g.) was added to a solution of sodium hypochlorite, prepared by passing the theoretical 
quantity of chlorine (53 g.) into ice-cold sodium hydroxide (62 g.) solution. After the solution 
had been maintained at ca. 50° for 1 hr., it was cooled and extracted with methylene chloride. 
Che extract was dried (MgSO,), the solvent evaporated, and the residue distilled to yield 
3 : 3-dichloro-2-methoxypropanal dimethyl acetal (VIII) (18-5 g., 53%), b. p. 99°/18 mm., n?2 1-4450 
(Found: C, 35-8, 35-4; H, 6-05, 6-0; Cl, 35-0; OMe, 44-7, 44-3. C,H,,0,Cl, requires C, 35-5; 
H, 5-9; Cl, 35-0; 30Me, 45-8%). The alkaline solution left after the methylene chloride 
extraction was acidified; the resultant solution on continuous extraction with ether yielded 
dichloroacetic acid, b. p. 97—99°/19 mm., n*? 1-4618 (lit., 102°/20 mm., »?° 1-4658). The 
amide, m. p. 96—98°, anilide, m. p. 116—117°, and benzylamide,* m. p. 96—97°, formed from 
the above acid were undepressed on admixture with the corresponding authentic derivatives 
of dichloroacetic acid. 

3 : 3-Dichlovo-2-methoxypropanal 2: 4-Dinitrophenylhydrazone.—Treatment of the chloro- 
acetal (VIII) with 2: 4-dinitrophenylhydrazine (1%) in aqueous sulphuric acid (10% by 
vol.) (to which some methanol was added to assist solution of the starting material) yielded an 
orange solid. After chromatography on alumina and crystallisation from methanol the 
2 : 4-dinitrophenylhydrazone formed yellow plates, m. p. 125—126-5° (Found: C, 36-4; H, 3-3; 
N, 16-5; Cl, 20-4; OMe, 8-8. C, 9H, 90;N,Cl, requires C, 35-6; H, 3-0; N, 16-6; Cl, 21-0; 
OMe, 9-2%). 

Identification of 4-Oxopent-2-enal Dimethyi Acetal (XIII).—The unsaturated acetal was 
isolated by fractionation of the mixture obtained from the rearrangement of furfuryl alcohol 
in methanol containing benzenesulphonic acid. Concentration of acid and other conditions 
were similar to those used for the rearrangement by hydrogen chloride. 4-Oxopent-2-enal 
dimethyl acetal had b. p. 83°/9 mm., 18 1-4460, Amax. 223 and 315 my (log e 3-83 and 1-53, 
respectively) in 95% ethanol (Found: C, 58-2; H, 8-3; OMe, 42-1. C,H,,O, requires C, 58-3; 
H, 8-4; 20Me, 43-0%). The structure was confirmed by hydrogenation to levulaldehyde 
dimethyl acetal. The unsaturated acetal (XIII) was hydrogenated in methanol, 5% palladium-— 
barium sulphate catalyst being used. Hydrogenation ceased after the rapid uptake of 1 mol. 
of hydrogen. After evaporation of the solvent and distillation there was obtained levulaldehyde 
dimethyl acetal, b. p. 91—92°/19 mm., m!® 1-4193 (lit.,17 b. p. 87—88°/17 mm.) (Found: 
C, 57-5; H, 9-9; OMe, 40-5. Calc. for C;H,,0,: C, 57-6; H, 9-65; 20Me, 42-5%). Lzvul- 
aldehyde dimethyl acetal formed a characteristic bis-2 : 4-dinitrophenylhydrazone, m. p. 
and mixed m. p. 236—237° (from nitromethane) (Found: N, 24-5. Calc. for C,,H,,O,N,: 
N, 243%) (lit.,48 m. p. 235-5—236-5°), and (with phenylhydrazine) dihydromethylpheny]- 
pyridazine, m. p. 196—197° (from alcohol) (Found: N, 16-4. Calc. for C,,H,,.N,: N, 16-3%) 
(lit.,17 m. p. 197°). The authentic specimen of levulaldehyde bis-2 : 4-dinitrophenylhydrazone 
was prepared }*® by the treatment of sylvan at room temperature with 2: 4-dinitrophenyl- 
hydrazine in 2N-hydrochloric acid; it had m. p. 236—237° (Found : N, 24-1%). 

Rearrangement of the Compounds (V), (XIII), and (XV) by Hydrogen Chloride——The com- 
pound (0-5 g.) was dissolved in methanol (50 ml.) containing hydrogen chloride (1-25 g.), and 


15 Lewis, J., 1956, 1083. 

16 Buehler and Mackenzie, J. Amer. Chem. Soc., 1937, 59, 421. 
17 Harries, Ber., 1898, 31, 37. 

18 Strain, J. Amer. Chem. Soc., 1935, 57, 758. 

19 Wilson, ibid., 1948, 70, 1315. 








a oo - Fr ST — | 


OQ ww © mm O w- 





ie i na 2 le 





XUM 


(1957) Researches on Polyenes. Part V. 537 


the solution refluxed for 1 hr. and then poured into a methanolic solution of 2 : 4-dinitrophenyl- 
hydrazine (0-7 g.) containing 1% of hydrochloric acid. The solid formed on cooling was filtered 
off and washed thrice with methanol. After chromatography over alumina, elution with benzene, 
and crystallisation from methanol, the methyl levulate 2 : 4-dinitrophenylhydrazone had m. p. 
and mixed m. p. 141—-142°. The yield of dinitrophenylhydrazone was 70—75%. 


The microanalyses were carried out by Dr. K. W. Zimmermann of the C.S.I.R.O. Micro- 
analytical Laboratory, Melbourne. The author thanks Dr. N. V. Riggs and Mr. V. R. Stimson 
(University of New England) and Dr. P. de Mayo (University of Glasgow) for much helpful 
discussion. 

THE UNIVERSITY OF NEW ENGLAND, 

ARMIDALE, N.S.W., AUSTRALIA, [Received, September 18th, 1956.) 


106. Researches on Polyenes. Part V.* The Synthesis of 
Cortisalin. 


By D. MARSHALL and M. C. WHITING. 


The synthesis of cortisalin (I) is described. The aldehyde (III; = 6) is 
condensed with malonic acid, and after decarboxylation the product is esteri- 
fied with diazomethane and demethylated with aluminium bromide to give 
a product essentially identical with the natural pigment. 


THE pigment cortisalin (I) was isolated by Gripenberg 4 from the fungus Cortictum salicinum 
Fries, which forms small red sporophores on dead branches in marshes in Sweden and 
Finland. It is an extremely insoluble compound with an indefinite meiting point, for which 
satisfactory analytical data were difficult to obtain, and is best characterised as its di- 
methyl derivative (II; = 7), m. p. 255—256°. This was therefore the obvious target for 
synthetical work; the route envisaged required the chain-extension of p-methoxybenz- 
aldehyde to the hexaenal (III; » = 6), then the conversion of the latter via the malonic 
acid (IV) into the acid (V; = 6). Methylation should then give (II; = 7), and de- 
methylation of (II; » = 7) or (V; » = 6) should give cortisalin. 





(I) p-HO-C,H,-[CH=CH],-CO,H p-MeO-C,H,[CH=CH],CO.Me (II) 
p-MeO-C,H,-CHO —» p-MeO-C,H,-[CH=CH],°CHO ——»> 
(111) 
p-MeO-C,H,:-[CH=CH],,-CH=C(CO,H), —» p-MeO-C,H,-[CH=CH],*CH=CH-CO,H 
(iV) (V) 


The preparation of the requisite aldehydes (III; » = 2, 4, and 6) has already been 
described ; 2 the lower homologues were employed in model experiments. The dienal 
(III; = 2) condensed with malonic acid in pyridine, giving a malonic acid (IV; m = 2) 
which crystallised in dimorphous forms of extraordinarily different colours, the unstable 
form being light orange and the stable form deep violet. As it was possible to inter- 
convert these at will, it seems unlikely that any more fundamental cause (e.g., stereo- 
isomerism) need be sought. Decarboxylation did not take place in quinoline at 125° or 
in boiling 20°, aqueous potassium hydroxide, but was effected by heating the acid above 
the melting point (193°) or, better, in a boiling mixture of acetic acid and acetic anhydride.* 
The acid (V; = 2) underwent normal esterification in methanolic sulphuric acid. 

The tetraenal (III; = 4) did not react when heated with malonic acid in pyridine, 
but did so when piperidine was added.* After decarboxylation in acetic acid-acetic 


* Part IV, J., 1956, 4082. 


1 Gripenberg, Acta Chem. Scand., 1952, 6, 580. 
2 Marshall and Whiting, J., 1956, 4082. 
* Kuhn and Grundmann, Ber., 1937, 70, 1318. 
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anhydride, the acid (V; = 4) was obtained, and was esterified in methanolic sulphuric 
acid suspension; both acid and ester were virtually insoluble, but infrared examination 
of the solid proved that a reaction had occurred. When the hexaenal (III; = 6) was 
condensed with malonic acid in the same way, a good yield was obtained of an acid (V; 
n = 6), m. p. 269-——270°, which agreed poorly with the melting point (280—282°) quoted 
for cortisalin methyl ether.1_ Esterification of the heptaene acid with methanolic sulphuric 
acid unexpectedly proved impossible; the acid remained insoluble and unchanged even 
after prolonged heating, with or without the addition of solvents, ¢.g., m-cresol. However, 
the technique employed by Gripenberg for the dimethylation of cortisalin,! 7.e., prolonged 
stirring of the acid with an excess of diazomethane in ether (the use of tetrahydrofuran 
proved to be an improvement) was successful, giving an ester, m. p. 257—258°, undepressed 
on admixture with a specimen of dimethylcortisalin, m. p. 255—256°, kindly supplied by 
Dr. Gripenberg. Infrared spectra, perforce determined on Nujol suspensions, were fairly 
detailed and were indistinguishable. The ultraviolet absorption spectrum of the synthetic 
sample is compared, in Fig. 1, with that published by Gripenberg for the naturally derived 
dimethyl derivative,! as insufficient material was available for redetermination on the 
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w 45 Fic. 1. Dimethylcortisalin in chloroform. 
° 
= —— Naturally derived ester. 
« « « Synthetic ester. 
40 











! 1 
3OO0O 4000 5000 


Wavelength (i) 





same instrument. They differ slightly, in such a way as to suggest that the natural ester 
was slightly less pure than the synthetic sample, but their essential identity is evident. 

To complete the synthesis of cortisalin, demethylation was now necessary; and any 
such experiments would require the separation of the cortisalin produced from its methyl 
ether. The latter proved to be totally insoluble in aqueous sodium and potassium hydr- 
oxide solution, failing even to impart a yellow colour to them, although the suspended 
particles changed colour to a light yellow. In a 2% solution of potassium hydroxide in 
ethylene glycol (subsequently referred to as “ glycol-alkali’’), an estimated 2—3 parts per 
million dissolved, giving a solution of which the absorption spectrum showed polyene fine 
structure (Fig. 2). Cortisalin itself, however, though almost insoluble in aqueous alkalis, 
dissolved readily in “ glycol-alkali,” presumably giving a dipotassium derivative, with a 
spectrum easily differentiated from that of the methyl ether. Thus it appeared that this 
solvent would suffice for both separation and identification of the demethylated compound. 

A wide range of demethylation techniques were employed on the tri- and penta-enoic 
acids and esters, without appreciable success; as the higher aldehydes became available, 
demethylation attempts were then concentrated on the heptaene-acid (_V; » = 6). The 
principal difficulties were of course due to the insolubility and instability toward acidic 
reagents which are characteristic of compounds with long polyene chains. Heating with 
aluminium bromide in “ 2:4: 6-collidine”’ (probably containing other pyridine bases) 
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ultimately proved the least unsatisfactory method. It was found, however, that direct 
treatment of the product with “ glycol—alkali”’ resulted in the dissolution of considerable 
quantities of the methoxy-acid. This may have been because of solubilisation of the salt 
of acid (V; 1 == 6) by the salts of the degraded and cyclised by-products present, or more 
probably because the ether was now present as an equilibrium mixture of stereoisomers, 
rather than as the all-trans-form. After crystallisation from pyridine, however, the fraction 
insoluble in the cold (mainly all-trans?) was treated with “ glycol—alkali,” the hydroxy- 
acid fraction alone dissolving. Reprecipitation and recrystallisation from pyridine gave in 
low yield a product which closely resembled cortisalin in physical properties and had an 
infrared spectrum (Nujol suspension) identical with that of the natural pigment, although 
neither specimen gave a very detailed curve. Ultraviolet and visible spectra on the two 
specimens are shown in Figs. 2 and 3, that (Fig. 2) observed in “ glycol—alkali”’ being the 
more reliable. It is clear that the synthetic pigment contained a little non-absorbing 


Fic. 2. Cortisalin and acid (VI; n=6) in Fic. 3. Cortisalin in pyridine. 
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material, or else a proportion of a less intensely absorbing stereoisomer ; but the structural 
identity of the two compounds is not in doubt. The spectra in pyridine changed appreci- 
ably during their observation, the absorptive intensities increasing in the short-wavelength 
region at the expense of that above 4000 A. This is probably due to stereoisomerisation, 
and presumably explains the difference between Gripenberg’s published curve ! and that 
now recorded for the natural pigment, the former being apparently the less affected. In 
the two spectra observed here an attempt was made to standardise the experimental 
techniques, as proof of the identity of the specimens was of more importance than the 
recording of the most accurate absorption curve. No analogous behaviour was found 
for the “ glycol-alkali ’’ solution, or for the chloroform solution of the ester (II; ™ = 7). 
The #-methoxyphenylpolyene esters (II) show main absorption maxima at wave- 
lengths appreciably shorter than those of the corresponding aldehydes,” although as solids 
they are more deeply coloured. Whereas the spectra of the aldehydes show rounded, 
smooth maxima, those of the higher polyene esters show discernible shoulders, indicating 
poorly resolved vibrational fine structure. In the anion derived from (V; m = 7) the 
typical polyene fine structure is sharply resolved, the absorption band as a whole being 
displaced to much shorter wavelengths ; while, on the other hand, in the dianion of cortisalin, 
in which O- is substituted for the tautomerically less effective MeO grouping, the absorp- 
tion band moves out to about the same position as that of the methoxy-aldehyde, while all 
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trace of fine structure is lost. Thus there is a good correlation between band position and 
fine-structure resolution, and between both and the degree of electronic delocalisation : 


+ 
X-C,H,[CH=CH],°CY—O ~< X=—C,H,—CH-[CH=CH], ,;CH=CY—O 


A similar generalisation can probably be applied to the simple polyenes, if one may judge 
by the contrast between the polyenes and the polyene aldehydes. Between a representative 
polyene, where such polarisation vanishes, and on the other hand either a highly polarised 
merocyanine, where the two forms are nearly equivalent in importance, or a symmetrical 
cyanine cation or oxonol anion, where they are identical, a continuous range of examples 
can be found. As the degree of delocalisation increases, loss of vibrational fine structure 
is observed at an early stage, while a transition from the ‘“‘ convergent ” (2 = kn!) to the 
“ non-convergent ” (2 = kn) relation 4 between wavelength of the main absorption band 
and polyene chain length occurs much later. 

The infrared spectra of the /-methoxyphenylpolyene acids, esters, and aldehydes may 
conveniently be discussed together; since most of these compounds were examined only 
as Nujol suspensions, only broad differences are significant. All compounds in the three 
series showed strong bands at ca. 1150 and 1260 cm."!, evidently characteristic of the 
p-methoxyphenyl group.® All absorbed intensely near 1000 cm.-! (conjugated C—H out- 
of-plane deformation modes); the single bands of the methoxy-esters have been listed,® 
and the methoxy-acids and cortisalin itself similarly showed one band only, at ca. 1015 
cm.-1, The aldehydes, however, showed double or (n>3) triple bands, the tetraene, for 
example, absorbing at 1002, 1018, and (less strongly) 1038 cm.-!, the hexaene at 1008, 
1018, and 1028 cm.-!. The C=C stretching frequencies occurred at about 1600 cm.-! and 
were sometimes multiple. In the aldehydes, the carbonyl stretching frequency fell from 
1688 cm.-! (CCl,) for /-methoxycinnamaldehyde to ca. 1660 cm.-! (Nujol) for the penta-, 
hexa-, and hepta-enes, whereas the esters (II; = 2, 4, and 6) all absorbed at 1710 cm.*? 
(Nujol). Cortisalin (both natural and synthetic) and cortisalin methyl ether showed broad 
and rather weak absorption at 1667—-1680 cm.-!; the aralkyl ether bands at 1150 and 
1260 cm.-! were conspicuously absent from the spectra of both natural and synthetic 
cortisalin. 

Ultraviolet absorption spectra. 
Amax. (A) 10-%e Doin CA) 107. Ree (A) 10°82 a. 1 10-3¢ 


Esters (II) in chloroform 


n l n=3 n= 5 n 7 
3080 40 3580 67 4040 85 4590 * 94 
4390 99 
3390 9-2 
2260 12-4 2540 78 3060 * 8-8 3100 8-9 
2100 10-8 3000 ** 9-2 
2680 13 
Cortisalin (natural) Cortisalin (natural) Cortisalin methyl ether 
in pyridine in “ glycol—alkali ”’ 
4620 * 83 + _ _ 4540 0-9 ¢ 
4430 88 t¢ 4600 91 4290 1-0 
4200 * 79 t — = 4030 * 0-8 
3450 14-1 ¢ 3570 17-0 3330 0-1 
3180 * 10-9 ¢ 3190 13-0 


* Inflexion. + Approximate. { Relative values. 


EXPERIMENTAL 


M. p.s denoted (cap.) were observed in an evacuated capillary tube and are uncorrected ; 
those given as m. p. (K) were observed on the Kofler block and are corrected. Ultraviolet 


* Lewis and Calvin, Chem. Rev., 1939, 25, 237. 
§ Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,” Methuen, London, 1954, p. 102. 
* Allan, Meakins, and Whiting, J., 1955, 1874. 
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absorption spectra were determined in CHCl, with a Beckman or Unicam S.P. 500 spectro- 
photometer, and infrared spectra with a Perkin-Elmer 21 spectrophotometer. ‘“‘ Glycol- 
alkali’’ refers to a 2% solution of potassium hydroxide in ethylene glycol, the latter being 
purified by redistillation from potassium hydroxide. 

6-p-Methoxyphenylhexa-1 : 3 : 5-triene-1 : 1-dicarboxylic Acid.—5-p-Methoxyphenylpenta- 
2: 4-dien-1l-al (3-76 g.), malonic acid (4-0 g.), pyridine (30 c.c.), and piperidine (0-25 c.c.) were 
heated at 95° for 2 hr., then cooled and poured into an excess of 4N-sulphuric acid with ice- 
cooling. The precipitated acid was washed with water until free from mineral acid and dried in 
vacuo over phosphoric oxide. A small portion was crystallised slowly from hot methanol, 
giving the acid as purple prisms, m. p. (K) 192—193° (decomp.). Rapid crystallisation by 
cooling or addition of water to an alcoholic solution gave an orange form which became deep red 
at 145° and melted at 185—187° (decomp.); the forms were easily interconverted and had 
similar ultraviolet absorption spectra (Found: C, 65-6; H, 5-1. C,;H,,O,; requires C, 65-7; 
H, 51%). Light absorption in EtOH; max. 3870 and 2600 A, relative intensities 7-5 : 1. 

7-p-Methoxyphenylhepta-2 : 4: 6-trienoic Acid.—The bulk of the crude dicarboxylic acid 
prepared as above was heated under reflux with acetic acid (30 c.c.) and acetic anhydride (30 c.c.) 
for 4 hr. The acid which separated on cooling was recrystallised from methanol (2-0 g., 44%), 
forming orange-red plates, m. p. (K) 220—221° (Found: C, 72-85; H, 5-8. C,,H,,O, requires 
C, 73-0; H, 6-15%). The methyl ester was prepared from the acid (1-0 g.), methanol (100 c.c.), 
and concentrated sulphuric acid (5 c.c.); after 35 minutes’ heating under reflux it began to 
separate from the hot solution, and was collected after standing overnight at 20° in 90% yield. 
It formed yellow needles, m. p. (K) 167—168° (Found: C, 73-4; H, 6-75. C,5H,,O3 requires 
C, 73-75; H, 6-6%). 

11-p- Methoxyphenylundeca-2:4:6:8:10-pentaenoic Acid.—9-p-Methoxyphenylnona- 
2: 4:6: 8-tetraenal (2-6 g.), malonic acid (4-0 g.), pyridine (50 c.c.), and piperidine (0-45 c.c.) 
were heated to 95° for 2-5 hr. The crude malonic acid, isolated as above, was decarboxylated 
in acetic acid (50 c.c.) and acetic anhydride (50 c.c.) ; cooling and crystallisation of the separated 
solid [1-0 g., m. p. (cap.) 238°] from pyridine gave the orange-brown acid, m. p. (cap.) 244—245° 
(decomp.) (Found: C, 76-55; H, 6-55. C,,H,,O, requires C, 76-55; H, 6-45%). The methyl 
ester was obtained in 80% yield after the acid (0-4 g.), methanol (200 c.c.) and sulphuric acid 
(12 c.c.) had been heated under reflux for 18 hr.;* it separated from the hot solution. After 
crystallisation from ethyl propionate it formed orange leaflets, m. p. 226—228° (Found: C, 
77-1; H, 6-65. C,,H,.O, requires C, 77-0; H, 6-8%). 

15-p-Methoxyphenylpentadeca-2 : 4:6:8:10: 12: 14-heptaenoic Acid.—13-p-Methoxyphenyl- 
trideca-2: 4:6:8: 10: 12-hexaenal (2-0 g.), malonic acid (4-0 g.), pyridine (60 c.c.), and 
piperidine (0-5 c.c.) were heated to 95° for 2 hr., and the crude condensation product was heated 
for 4 hr. in acetic acid (50 c.c.) and acetic anhydride (50 c.c.). On cooling, the crude acid 
(1-6 g., 70%) separated as a red powder, m. p. (cap.) 263—265° (decomp.); after crystallisation 
from pyridine, then m-cresol, it formed flat needles, m. p. (cap.) 263—-265° (decomp.), with a 
metallic bronze lustre (Found : C, 79-0; H, 6-6. C,,H,,O, requires C, 79-0; H, 665%). The 
methyl ester was obtained by adding a solution of diazomethane, prepared from N-nitroso- 
methylurea (2-0 g.) in ether (50 c.c.) and tetrahydrofuran (50 c.c.), to a suspension of the acid 
(0-4 g.) in tetrahydrofuran (100 c.c.) and stirring overnight at 20° with exclusion of light. The 
excess of diazomethane was destroyed by addition of acetic acid. The crystalline suspension of 
the acid was replaced by a lighter-red microcrystalline powder, which crystallised from m-cresol, 
giving the ester (0-4 g.) as bronze leaflets, m. p. (K) 257—-258°, undepressed on admixture with a 
specimen, m. p. (K) 255—256°, derived from the natural pigment (Found: C, 78-2; H, 7-0. 
C,3H.,O, requires C, 79-3; H, 6-95%). 

Hydrolysis of the synthetic methoxy-ester under the conditions described by Gripenberg ! 
gave a specimen of the methoxy-acid containing some of its potassium salt, which melted 
diffusely above 265°. This may explain the higher m. p. (280—282°) recorded for the naturally 
derived methoxy-acid. 

Demethyiation Experiments.—In preliminary experiments, of which 7 were made in the 
triene, 7 in the pentaene, and 21 in the heptaene series, the reaction product was added to 
‘ glycol—alkali’’; any phenolic acid should dissolved with the formation of a dianion with a 
bathochromically displaced absorption spectrum. Potassium hydroxide in ethylene glycol at 
160° effected extensive degradation; magnesium iodide at 165° had no effect; fused pyridine 
hydrochloride or the fused complex, 2C;H;N,AlBr,, gave a carbonaceous mass; _ boron 
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tribromide in nitrobenzene at 20° apparently demethylated the triene-acid, but gave no phenolic 
acids in the penta- and hepta-ene series, and was equally unsuccessful in “ 2: 4: 6-collidine.”’ 
Collidine—collidine hydrochloride at 176° had no effect. Aluminium bromide was investigated 
in nitrobenzene, xylene, m-cresol, pyridine, and “‘ 2: 4: 6-collidine’’’ at various temperatures. 
The last at the b. p. alone gave definite indications of demethylation of the heptaene acid and 
ester, and was examined in detail, the following method being evolved : 

15-p-Hydroxyphenylpentadeca-2 : 4: 6:8:10: 12: 14-heptaenoic Acid (Cortisalin).—The meth- 
oxy-ester (II; = 7) (600 mg.), anhydrous aluminium bromide (3-0 g.), and “‘ 2:4: 6- 
collidine ’’ (56 c.c.) were heated under reflux for 2 hr., cooled, and poured into an excess of 
2n-sulphuric acid. The precipitate was washed with water until free from mineral acid, dried 
(P,O;), and extracted with boiling pyridine (12 c.c.), the dark residue being discarded. The red 
solid which separated was warmed with “ glycol-alkali’’ (40 c.c.) and centrifuged, the yellow 
salt of the methoxy-acid (V; » = 7) being separated from a deep red clear solution. Acidific- 
ation now gave a dark precipitate (20 mg.) which was crystallised from pyridine to give esentially 
pure cortisalin (6 mg.) as microscopic purple-red crystals, much darker than acid (V; m = 7), 
which decomposed without melting at 300° (cap.), Amax, 4600 A (e 66,000 in “ glycol-alkali ’’). 
This material showed the infrared bands listed above; for a final purification the cycle of 
dissolution in ‘‘ glycol—alkali,’’ centrifugation, acidification, and recrystallisation from pyridine 
was repeated, giving a product with the absorption spectra illustrated (2.¢., Amax, 4590 and 4400 A; 
¢ 70,300 and 60,000, respectively, in ‘‘ glycol—alkali ’’ and pyridine). 


The authors are grateful for the award of a Maintenance Grant by the Department of 
Scientific and Industrial Research to one of them (D. M.). They thank Mr. E. S. Morton and 
Mr. H. Swift for microanalyses. They are especially indebted to Dr. J. Gripenberg for 
a generous sample of cortisalin, on which trial experiments could be performed, and to Dr. F. 
Fairbrother for the vacuum-sublimed aluminium bromide. 
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107. The Chemistry of the “ Insoluble Red” Woods. Part VII.* 
The Synthesis of Coumarino(3’ : 4'-3 : 2)cowmarones. 
By W. J. Bowyer, ALEXANDER Ropertson, and W. B. WHALLEY. 


The synthesis of several coumarino(3’ : 4’-3 : 2)coumarones (II), including 
tri-O-methylwedelolactone ! is described. 


In exploratory experiments on the synthesis of homopterocarpin? and its congeners we 
have synthesised the coumarino(3’ : 4’-3 : 2)coumarone system (II). 

Demethylation of 4-hydroxy-5 : 7-dimethoxy-3-o-methoxyphenylcoumarin (I; R 
H) gave the coumarinocoumarone (II; R = H), accompanied by the partially demethyl- 
ated derivative. Methylation of the lactone (II; R =H) by Canter and Robertson’s 
method * gave 2-(2: 4: 6-trimethoxyphenyl)coumarone-3-carboxylic acid (III; R 
CO,H) which could not be correlated with 2-(2 : 4 : 6-trimethoxypheny!l)coumarone ¢ (IIT; 
R =H) since, in contrast to the 5 : 6-dimethoxy-analogue (tetra-O-methylwedelic acid),? 
attempts to decarboxylate it regenerated the parent lactone (II; R=H). 
Similarly 3-(2 : 4-dimethoxyphenyl)-4-hydroxy-7-methoxycoumarin furnished 6: 7’-di- 
methoxycoumarino(3’ : 4’-3 : 2)coumarone, which contains the skeletal system of homo- 
pterocarpin; and 4-hydroxy-5 : 7-dimethoxy-3-(2 : 4: 5-trimethoxyphenyl)coumarin (I; 
R = OMe) gave 5’: 7’: 5: 6-tetramethoxycoumarino(3’ : 4-3: 2)coumarone (II; R 
OMe), identical with tri-O-methylwedelolactone. 


* Part VI, J., 1954, 2794. 

1 Govindachari, Nagarajan, and Pai, J., 1956, 629 
? McGookin, Robertson, and Whalley, /., 1940, 787 
* Canter and Robertson, J., 1931, 1875. 

* Whalley and (in part) Lloyd, J., 1956, 3213. 
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By Whalley and Lloyd’s general method * 2-hydroxy-4 : 6 : 2’: 4’ : 5’-pentamethoxy- 
deoxybenzoin (V; R = Me) was converted into the chromono(2’ : 3’-3 : 4)coumarin (VI), 
and thence into the unstable 2 : 2’-dihydroxy-4 : 6 : 4’ : 5’-tetramethoxydeoxybenzoin (V ; 
R =H) which readily cyclised to 2-(2-hydroxy-4 : 6-dimethoxyphenyl)-5 : 6-dimethoxy- 
coumarone (IV; R=H). The methylether (IV; R = OMe) of this was identical with the 
corresponding derivative from tri-O-methylwedelolactone.* 

Condensation of 2:4: 6-trimethoxybenzoyl chloride* with 2-hydroxy-4 : 5-dimeth- 
oxybenzaldehyde gave 4: 5-dimethoxy- -2-(2 : 4 : 6-trimethoxybenzoyl)benzaldehyde (VII) 
previously obtained ! by ozonolysis of the 2-phenylcoumarone (IV; R = Me). 


ZA MeO 
MeO oO Oo j 
hes ns ot 4 <) 
MeO S \ 
1eO 
MeO Korte MeO io" 
MeO MeO {por 
a 


@*) OMe 





(V) 
Oo co MeO 


a eu a 
: MeO CHO MeO 
Co 
: = we 
(VI) Wr (VII) 


OMe 


EXPERIMENTAL 

5’ : 7’-Dimethoxycoumarino(3’ : 4’-3 : 2)coumarone (II; R = H).—Cyclisation of 2-hydroxy- 
4:6: 2’-trimethoxydeoxybenzoin (5 g.) with ethyl carbonate (50 ml.) and sodium dust (2 g.) 
by Boyd and Robertson’s method ° gave 4-hydroxy-5 : 7-dimethoxy-3-0-methoxyphenylcoumarin, 
separating in needles (3-5 g.), m. p. 248°, from acetic acid [Found : C, 65-3; H, 5-0; OMe, 27-9 
C,;H,O0,(OMe), requires C, 65-8; H, 4:9; OMe, 28-4%]. A boiling solution of this coumarin 
(1 g.) in acetic acid (15 ml.) containing 48% hydrobromic acid (12 ml.) deposited, during $ hr., 
5’ : 7’-dimethoxycoumarino(3’ : 4’-3 : 2)coumarone, forming needles (0-5 g.), m. p. 254°, from 
acetic acid [Found: C, 68-3; H, 4:3; OMe, 206%; M, 267. C,;H,O,(OMe), requires C, 
68-9; H, 4-1; OMe, 20-99%; M, 296]. Dilution of the cooled, filtered reaction mixture with 
water furnished a semicrystalline product soluble in 2N-aqueous sodium hydroxide, and 
converted by methylation into the parent coumarinocoumarone (0-35 g.). 

This lactone (1 g.) was dissolved on the steam-bath in methanol (25 ml.) and 50% aqueous 
potassium hydroxide (15 ml.), and kept at 100° whilst 50% aqueous potassium hydroxide 
(20 ml.) and methyl sulphate (8 ml.) were added alternately in small portions during 2 hr. 
Next day the turbid mixture was dissolved in water, and the clear solution acidified to yield 
2-(2: 4: 6-trimethoxyphenyl)coumarone-3-carboxylic acid (1 g.) which separated from aqueous 
acetone in needles, m. p. 216° (Found: C, 66-2; H, 5-5. C,,H,,0, requires C, 65-9; H, 4-9%). 

6 : 7’-Dimethoxycoumarino(3’ : 4’-3 : 2)coumarone.—A solution of 3-(2 : 4-dimethoxypheny])- 
4-hydroxy-7-methoxycoumarin * (2 g.) in acetic acid (20 ml.) and 48% hydrobromic acid (10 ml.) 
was refluxed for 1 hr., cooled, and diluted with water (10 ml.). The alkali-soluble, 
semicrystalline precipitate was methylated by methyl sulphate—potassium carbonate in boiling 
acetone during 1 hr. and purification from acetic acid or methanol gave 6: 7’-dimethoxy- 
coumarino(3’ : 4’-3 : 2)coumarone (1-1 g.) in needles, m. p. 197° [Found : C, 69-0; H, 4-0; OMe, 
21-0. C,;H,O,(OMe), requires C, 68-9; H, 4:1; OMe, 20-9%] 

* Lloyd and Whalley, /., 1956, 3209. 

* Boyd and Robertson, J., 1948, 174. 
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4-Hydroxy-5 : 7-dimethoxy-3-(2 : 4: 5-trimethoxyphenyl)coumarin (I; R = OMe).—Hoesch 
condensation of phloroglucinol (10 g.) and 2: 4: 5-trimethoxybenzyl cyanide (5 g.) in ether 
(150 ml.) containing zinc chloride (3 g.) gave 2: 4: 6-trihydroxy-2’ : 4’ : 5’-trimethoxydeoxy- 
benzoin, forming prisms (5 g.), m. p. 207°, from methanol and having an intense red-brown ferric 
reaction in alcohol [Found: C, 61-0; H, 5-5; OMe, 27-4. C,,H,O,(OMe), requires C, 61-1; 
H, 5-4; OMe, 27-8%]. Methylation of this ketone (5 g.) with methyl sulphate—acetone— 
potassium carbonate gave 2-hydroxy-4: 6: 2’: 4’ : 5’-pentamethoxydeoxybenzoin, forming prisms 
(5 g.), m. p. 143°, from alcohol [Found : C, 62-8; H, 5-9; OMe, 43-0. C,,H,;O,(OMe), requires 
C, 63-0; H, 6-1; OMe, 42-8%]. 

Cyclisation of this ketone (4 g.) with ethyl carbonate (80 ml.) and sodium dust (2 g.) during 
3 hr. gave 4-hydroxy-5 : 7-dimethoxy-3-(2 : 4: 5-trimethoxyphenyl)coumarin which separated 
from acetic acid in needles, m. p. 289° [Found : C, 61-0; H, 5-3; OMe, 39-7. C,;H,;O,(OMe), 
requires C, 61-8; H, 5-2; OMe, 39-99%]. 

Tri-O-methylwedelolactone (I[; R = OMe).—When a solution of the previous coumarin 
(1 g.) in acetic acid (15 ml.), containing 48% hydrobromic acid (8 ml.), was boiled for } hr. and 
cooled, crystals (0-5 g.) separated. Methylation by methyl sulphate—potassium carbonate in 
boiling acetone during 1 hr. then gave tri-O-methylwedelolactone, forming needles (0-5 g.), m. p. 
247° (from acetic acid), identical with an authentic specimen [Found : C, 63-3; H, 4-4; OMe, 
33-4. C,,;H,O,(OMe) requires C, 64-0; H, 4-5; OMe, 34-8%]. . 

5 : 6-Dimethoxy-2-(2 : 4: 6-trimethoxyphenyl)coumarone (IV; R = Me).—A solution of 
2:4: 6-trihydroxy-2’ : 4’ : 5’-trimethoxydeoxybenzoin (5-5 g.) in pyridine (100 ml.), containing 
ethoxalyl chloride,’ was kept at 10°, and 24 hr. later the semicrystalline product (isolated with 
chloroform) was refluxed for 30 min. with hydriodic acid (50 ml.; d 1-7) and acetic acid (from 
25 ml. of anhydride), an orange-coloured microcrystalline solid (4 g.) separating. Methylation 
of this product (4 g.) during 24 hr. in boiling acetone containing methyl] sulphate and potassium 
carbonate gave 5’: 7’: 6: 7-tetramethoxychromono(2’ : 3’-3 : 4)coumarin, which formed needles 
(4 g.), m. p. 294°, from acetic acid [Found: C, 62-5; H, 4:5; OMe, 31-8. C,,H,O,(OMe), 
requires C, 62-5; H, 4:2; OMe, 32-2° 4). 

A solution of this coumarin (4 g.) in water (25 ml.) and alcohol (25 ml.), containing potassium 
hydroxide (7 g.), was refluxed for 2 hr., cooled, diluted with water (100 ml.), and acidified. 
2: 2’-Dihydroxy-4 : 6: 4’ : 5’-tetramethoxydeoxybenzoin separated in needles (2-3 g.), m. p. 
132°, having an intense red-brown ferric reaction in alcohol. Cyclisation of this occurred during 
purification from hot alcohol to give 2-(2-hydroxy-4 : 6-dimethoxyphenyl)-5 : 6-dimethoxy- 
coumarone (2 g.) in prisms, m. p. 151°, devoid of a ferric reaction in alcohol [Found : C, 65-7; H, 
5-2; OMe, 36-9. C,,H,O,(OMe), requires C, 65-4; H, 5-5; OMe, 37-6%], and methylated 
quantitatively to 5 : 6-dimethoxy-2-(2 : 4 : 6-trimethoxyphenyl)coumarone, m. p. 148°, identical 
with a specimen prepared from tri-O-methylwedelolactone (Found: C, 65-7; H, 5-7. Cale. 
for CygHg,0,: C, 66:3; H, 5-9%). 2-(2-Benzyloxy-4 : 6-dimethoxyphenyl)-5 : 6-dimethoxy- 
coumarone separated from alcohol in prisms, m. p. 133° [Found : C, 71-7; H, 6-1; OMe, 29-8. 
C,,H,,0,(OMe), requires C, 71-4; H, 5-8; OMe, 29-5%]. Debenzylation of this compound 
with acetic-hydrochloric acid on the steam-bath during 20 min. gave a low yield of 2-(2- 
hydroxy-4 : 6-dimethoxypheny])-5 : 6-dimethoxycoumarone, m. p. 151°. 

4: 5-Dimethoxy-2-(2 : 4: 6-trimethoxybenzoyl)benzaldehyde (VII).—A solution of 2-hydroxy- 
4: 5-dimethoxybenzaldehyde (1-2 g.) and of 2:4: 6-trimethoxybenzoyl chloride, prepared 
from 2: 4: 6-trimethoxyphenylglyoxylic acid (2-5 g.) by Lloyd and Whalley’s method,’ in 
pyridine (20 ml.) was heated on the steam-bath during 2 hr. Isolation of the product 24 hr. 
later gave 4: 5-dimethoxy-2-(2 : 4: 6-trimethoxybenzyl)benzaldehyde which separated from 
methanol in needles (1 g.), m. p. 161°, having a negative ferric reaction in alcohol (Govindachari 
et al.1 record the m. p. 159—160°) (Found: C, 61-1; H, 5-9. Calc. for C,,H,,O,: C, 60-6; H, 


54%). 


The authors thank Professor T. R. Govindachari for specimens of tri-O-methylwedelolactone 
and of 5 : 6-dimethoxy-2-(2 : 4 : 6-trimethoxyphenyl)coumarone. 

The analyses were performed by Mr. A. S. Inglis, M.Sc., and his associates of this 
Department. 

THE UNIVERSITY OF LIVERPOOL. [Received, August 7th, 1956.) 


? Baker, Chadderton, Harborne, and Ollis, /., 1953, 1852. 
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108. Chemical Investigation of Wedelia calendulacea. Part IJ.+ 
The Position of the Methoxyl Group in Wedelolactone. 


By T. R. GoviInDACHARI, K. NAGARAJAN, B. R. Pat, and 
P. C. PARTHASARATHY. 


Wedelolactone is shown to be the lactone (Ia) of 5 : 6-dihydroxy-2-(2 : 6- 
dihydroxy-4-methoxypheny]) benzofuran-3-carboxylic acid. 


TRI-O-METHYLWEDELOLACTONE has been shown? to have the structure (I). Evidence 
is now presented to show that wedelolactone has structure (Ia). 

Ethylation of wedelolactone gave tri-O-ethylwedelolactone which was hydrolysed to tri- 
O-ethylwedelic acid which on methylation yielded methyl tri-O-ethyl-O-methylwedelate. 
Hydrolysis of the ester gave tri-O-ethyl-O-methylwedelic acid which lost carbon dioxide 
above its melting point, to yield a compound, C,,H,,0,. Ozonolysis of this gave a com- 
pound C,,H,,0,, hydrolysed by alcoholic alkali into a phenolic aldehyde and an acid. 
The phenol was identified as 4: 5-diethoxy-2-hydroxybenzaldehyde by analysis and 
comparison of its ethyl ether with a specimen made by formylation of 1 : 2 : 4-triethoxy- 
benzene. The acidic component was decarboxylated during isolation to 1-ethoxy-3 : 5- 
dimethoxybenzene and was thus 2-ethoxy-4 : 6-dimethoxy- or 2 : 6-dimethoxy-4-ethoxy- 
benzoic acid. The ozonolysis product was‘ reduced by lithium aluminium hydride to a 
mixture of 2-ethoxy-4 : 6-dimethoxybenzyl alcohol (different from 2 : 6-dimethoxy-4- 
ethoxybenzy] alcohol from which it differed in melting point only slightly), and a phenolic 
alcohol whose dibenzoate had the analysis expected for 2-benzoyloxy-4 : 5-diethoxybenzy] 
benzoate. 





CHO 
EtO 
OMe 
ErO aX 
EtO OMe 
M 

(I) R=R’=Me (II) iam 
(Ia) R=Me, R’=H (IJ) R= Me, R‘'=H 


—_ — 
(Ib) R= Me, R’=Et (IIJa) R= Me, R’°=CO,H 


(Illb) R= H, R'=CO,H 


The degradations show that the ozonolysis product is 4 : 5-diethoxy-2-(2-ethoxy-4 : 6- 
dimethoxybenzoyloxy)benzaldehyde (II) and that the decarboxylation product C,,H,,O, 
is 5: 6-diethoxy-2-(2-ethoxy-4 : 6-dimethoxyphenyl)benzofuran (III). Tri-O-ethyl-O- 
methylwedelic acid and tri-O-ethylwedelic acid must have structures (IIIa) and (IIIb) 
respectively. Tri-O-ethylwedelolactone should therefore be represented by (Ib), and 
wedelolactone has the structure (Ia). 


EXPERIMENTAL 

Tri-O-ethylwedelolactone.—W edelolactone (4 g.) with diethyl sulphate (25 ml.) and potassium 
carbonate (40 g.) in boiling dry acetone (100 ml.) (8 hr.) gave tri-O-ethylwedelolactone (2-8 g.) 
needles (from acetic acid—alcohol or acetone-alcohol), m. p. 200—201° (Found: C, 65-9; 
H, 6-0. C,,H,,0, requires C, 66-3; H, 55%). The ether (0-65 g.) was also obtained by 
refluxing the lactone (1 g.) with ethyl iodide (10 ml.) and potassium carbonate (15 g.) in acetone 
(30 ml.). 

Ozonolysis of the ether (0-5 g.) in chloroform (25 ml.) at 0° gave only resins. 

Tri-O-ethylwedelic Acid.—A suspension of the lactone (2-8 g.) in alcohol (100 ml.) containing 


1 Govindachari, Nagarajan, and Pai, J., 1956, 629. 
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potassium hydroxide (10 g.) was refluxed for 4 hr. The solvent was distilled off and water 
added to the syrupy residue. The solution was filtered from amorphous material and acidified 
with strong cooling. Tvri-O-ethylwedelic acid (2-8 g.) so obtained crystallised from dilute 
methanol as colourless needles which lost water at 182° and melted at 195—197° (Found: 
C, 64-2; H, 5-7. Cg,H,,O, requires C, 63-5; H, 5-8%). The acid (20 mg.) when heated at 
220—240° for 2 hr. and crystallised from alcoholic acetic acid gave tri-O-ethylwedelolactone, 
m. p. and mixed m. p. 200—201°. 

Methyl Tri-O-ethyl-O-methylwedelate——The acid (2 g.), methyl iodide (10 ml.), potassium 
carbonate (10 g.), and acetone (50 ml.) were refluxed for 8 hr., affording, after fractional 
crystallisation from methanol, small amounts (0-2 g.) of impure tri-O-ethylwedelolactone and 
methyl tri-O-ethyl-O-methylwedelate (1-5 g.), m. p. 125—127°. Recrystallisation from methanol 
gave colourless cubes, m. p. 127—128° (Found: C, 65-2; H, 6-0. C,,H,,0O, requires C, 64-9; 
H, 6-3%). 

The methyl ester (1-4 g.) was hydrolysed by potassium hydroxide (4-5 g.) in boiling 
water (20 ml.) and alcohol (20 ml.) in 3 hr. to tri-O-ethyl-O-methylwedelic acid (1-4 g.), needles 
(from methanol), 183—185° (gas evolution) (Found: C, 64:2; H, 6-0. (C,3;H,,O, requires 
C, 64-2; H, 6.0%). Treatment of the acid with ethereal diazomethane gave the methy] ester, 
m. p. and mixed m. p. 126—128°. ‘ 

Decarboxylation of Tri-O-ethyl-O-methylwedelic Acid—The acid (1-4 g.) was heated at 
220—240° for 3 hr. and the product sublimed in vacuo at 180°/(0-1—0-5 mm.). The sublimate 
on crystallisation from light petroleum (b. p. 60—80°) gave 5: 6-diethoxy-2-(2-ethoxy-4 : 6- 
dimethoxyphenyl)benzofuran (0-75 g.), cubes, m. p. 92—94° (Found: C, 68-3; H, 7-0. Cy.H.,.0, 
requires C, 68-4; H, 6-7%). 

Ozonolysis of 5: 6-Diethoxy-2-(2-ethoxy-4 : 6-dimethoxyphenyl)benzofuran.—A solution of 
the decarboxy-compound (0-6 g.) in chloroform (30 ml.) was treated with ozone (0-11 g.) at 
0° during 3-5 hr. The solvent was evaporated and the residual ozonide heated on a water-bath 
with water (100 ml.), zinc dust (0-2 g.), and a few crystals each of silver nitrate and quinol for 
l hr. The solution was cooled, shaken with benzene, filtered, and acidified. The benzene 
layer was separated and the aqueous layer extracted repeatedly with benzene. The combined 
extracts were washed with dilute alkali and then with water, and dried (Na,SO,)._ Evaporation 
and crystallisation of the residue from methanol gave needles of 4 : 5-diethoxy-2-(2-ethoxy-4 : 6- 
dimethoxybenzoyloxy)benzaldehyde (0-2 g.), m. p. 131—133°, raised to 133—134° by a second 
crystallisation (Found: C, 62-8; H, 6-7. C.,.H,,O, requires C, 63-2; H, 6-2%), which afforded 
a 2:4-dinitrophenylhydrazone, orange needles (from acetic acid), m. p. 256—258° (Found : 
C, 56-3; H, 5-2. C,,H390,,N, requires C, 56-2; H, 5-0%). 

Hydrolysis of 4: 5-Diethoxy-2-(2-ethoxy-4 : 6-dimethoxybenzoyloxy)benzaldehyde.—A solution 
of the above product (0-55 g.) in ethanol (25 ml.) containing potassium hydroxide (3 g.) was 
left at 30° for 6 hr. The solvent was then evaporated in vacuo, and the residue taken up in 
water and extracted with ether. The aqueous layer was saturated with carbon dioxide and 
extracted with ether. The dried ethereal layer on evaporation gave 4: 5-diethoxy-2-hydroxy- 
benzaldehyde (0-28 g.), crystallising from ice-cold light petroleum (b. p. 40—60°) as needles, 
m. p. 52—54° (Found: C, 63-4; H, 6-5. (C,,H,,O, requires C, 62-9; H, 6-7%), giving a dark 
green colour with ferric chloride changing to brown on dilution. The aldehyde (60 mg.), 
ethylated with ethyl iodide (1 ml.) and potassium carbonate (2 g.) in acetone (10 ml.), gave 
2:4: 5-triethoxybenzaldehyde, needles [from light petroleum (b. p. 40—60°)], m. p. 94—95° 
alone or mixed with 2: 4: 5-triethoxybenzaldehyde (see below) (Found: C, 65-2; H, 7-5. 
C,3H,,0, requires C, 65-5; H, 7-6%). The 2: 4-dinitrophenylhydrazone, chocolate brown 
needles (from acetic acid), m. p. 200—-201°, showed no depression on admixture with a synthetic 
specimen. 

The bicarbonate extract from the hydrolysis was acidified and extracted with ether. 
Evaporation of the ether yielded a neutral oil (0-1 g.), which solidified. Crystallisation from 
ice-cold light petroleum (b. p. 40—60°) gave colourless cubes of l-ethoxy-3 : 5-dimeth- 
oxybenzene, m. p. 42—43° (Found: C, 66-1; H, 7-7. Cj ,9H,,O0; requires C, 65-9; H, 7-7%). 

Lithium Aluminium Hydride Reduction of 4: 5-Diethoxy-2-(2-ethoxy-4 : 6-dimethoxybenzoyl- 
oxy)benzaldehyde.—The aldehyde (0-3 g.) in ether (30 ml.) and tetrahydrofuran (10 ml.) was 
added to a stirred suspension of lithium aluminium hydride (1 g.) in ether (50 ml.) during 30 min. 
and left overnight. After decomposition with water, the ether—tetrahydrofuran layer was 
decanted from the sludge, which was then extracted thoroughly with ether. The combined 
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ether extracts were washed with alkali and dried. Evaporation left a solid (0-13 g.), which on 
crystallisation from light petroleum (b. p. 40—60°) afforded 2-ethoxy-4 : 6-dimethoxy- 
benzyl alcohol, needles, m. p. 76—77° (Found: C, 62-2; H, 7-2. C,,H,,O, requires C, 62-3; 
H, 7-6%), mixed m. p. 75—77° with a synthetic specimen (see below). Admixture with 
4-ethoxy-2 : 6-dimethoxybenzyl alcohol (see below) lowered the m. p. to 55—60°. 

The sludge in the reduction was dissolved in excess of dilute sulphuric acid and extracted 
thoroughly with ether. The dried ether layer on evaporation left 4: 5-diethoxy-2-hydroxy- 
benzyl alcohol (0-14 g.) as a gum which with benzoyl chloride and pyridine at 100° gave a 
dibenzoate, m. p. 159—160° (from benzene—methanol) (Found: C, 72-0; H, 6-2. C,;H,,0, 
requires C, 71-4; H, 5-7%). 

2:4: 5-Triethoxybenzaldehyde.—1 : 2: 4-Trihydroxybenzene? (4 g.), ethyl iodide (15 ml.), 
and potassium carbonate (20 g.) were refluxed in dry acetone (50 ml.) for 6 hr. Recovery and 
distillation gave 1 : 2: 4-triethoxybenzene (4-9 g.), b. p. 128°/15 mm., needles, m. p. 34° (Will 
et al,® give 34°). 

1: 2: 4-Triethoxybenzene (2 g.), dimethylformamide (1 g.), and phosphory] chloride (2 ml.) 
were heated at 100° for 6 hr., then treated with saturated aqueous sodium acetate (20 g.) and 
refluxed for 30 min. On cooling, 2: 4: 5-triethoxybenzaldehyde crystallised as fibrous needles, 
was filtered off, and washed with water. Recrystallisation from light petroleum (b. p. 40- 
60°) gave needles (1:6 g.), m. p. 95° (Found: C, 65-0; H, 7-2%), which afforded a 2: 4-di- 
nitrophenylhydrazone, chocolate-brown needles (from acetic acid), m. p. 200—201° (Found : 
C, 54-7; H, 5-5. C,,H,.O,N, requires C, 54:5; H, 5-3%). 

Methyl 2-Ethoxy-4 : 6-dimethoxybenzoate.—Methyl 2-hydroxy-4 : 6-dimethoxybenzoate 4 
(2 g.), ethyl iodide (10 g.), and potassium carbonate (10 g.) in dry acetone (20 ml.) were refluxed 
for 6 hr. Crystallisation of the product from 20% alcohol gave methyl 4: 6-dimethoxy-2- 
ethoxybenzoate (2-3 g.), needles, m. p. 56° (Found: C, 60-2; H, 6-7. C,,H,,O; requires C, 60-0; 
H, 67%). 

2-Ethoxy-4 : 6-dimethoxybenzyl Alcohol.—The foregoing ester (1-6 g.) in ether (50 ml.) was 
added to a stirred suspension of lithium aluminium hydride (1 g.) in ether (60 ml.). Next 
morning the mixture was decomposed with water. The ether was decanted, dried (Na,SO,), 
and evaporated. Crystallisation of the residue (1-2 g.) from light petroleum (b. p. 40—60°) 
gave 2-ethoxy-4 : 6-dimethoxybenzyl alcohol, needles, m. p. 76—77° (Found : C, 62-7; H, 7-1%). 

4-Ethoxy-2 : 6-dimethoxybenzyl Alcohol.—Ethylation of methyl 4-hydroxy-2 : 6-dimethoxy- 
benzoate © (0-2 g.) with ethyl iodide (3 ml.) and potassium carbonate (2 g.) in acetone (10 ml.) 
gave methyl 4-ethoxy-2 : 6-dimethoxybenzoate as a viscous oil (0-15 g.). Reduction with 
lithium aluminium hydride (0-5 g.) in ether (10 ml.) gave 4-ethoxy-2 : 6-dimethoxybenzyl alcohol, 
needles (0-1 g.), m. p. 70—71° [from light petroleum (b. p. 40—60°)] (Found: C, 62-4; 
H, 7-4%). 

Both the alcohols resinified when kept or heated for a short time. 


We thank the C.S.I.R., Government of India, for a grant which defrayed the expenses and 
for a research assistantship (to K. N.), the Government of Madras for a studentship (to P. C. P.), 
and Mr. S. Selvavinayagam for analyses. 
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109. Chemical Examination of Wedelia calendulacea. Part III.* 
Synthesis of T'ri-O-methylwedelolactone. 
By T. R. GoviInpACHARI, K. NAGARAJAN, and P. C. PARTHASARATHY. 
Syntheses of the parent ring system (Ia) and of tri-O-methylwedelo- 
lactone (I) are reported. 


SYNTHESES of the parent ring system (Ia) present in wedelolactone and of tri-O-methyl- 
wedelolactone ! (I) are reported here. Intramolecular Claisen condensation * of methyl 
o-o’-methoxyphenylacetoxybenzoate (II) gave the coumarin (III); demethylation of this 
with pyridine hydrochloride for a short time gave 4-hydroxy-3-o-hydroxyphenylcoumarin 
(IIIa) and the lactone (Ia) formed by simultaneous dehydration of (IIIa). The lactone 
also resulted by prolonged treatment of the coumarin (III) with pyridine hydrochloride 
or by heating of the coumarin (IIIa) at 280°. 

For a similar synthesis of tri-O-methylwedelolactone, methyl 2 : 4-dimethoxy-6- 
(2 : 4: 5-trimethoxyphenylacetoxy)benzoate (IIa) could not be made by the action of 
2 : 4: 5-trimethoxyphenylacetyl chloride on methyl 6-hydroxy-2 : 4-dimethoxybenzoate. 






co 
. ™ R CH,-CO-O R 
R R OMe 
MeO ,C R 
(l) R=OMe R (II) R=H 
(la) R=H (Ila) R= OMe 
co OH 
. MeO (7 “+CH;CO 
R MeO /OMe R 
- 
(III) R=H, R’=Me R (IV) R =OH 
(IVa) R = OMe 


(IIIa) R=R=H 
(IIIb) R=OMe, R’= Me 


Attempts to prepare 2:4: 6-trihydroxyphenyl 2:4: 5-trimethoxybenzyl ketone (IV) 
which might have been converted through its dimethyl ether (IVa) and the coumarin 
(IIIb) into tri-O-methylwedelolactone (I) also failed since phloroglucinol could not be 
condensed with 2 : 4 : 5-trimethoxyphenylacetyl chloride in presence of aluminium chloride * 
or stannic chloride * or by heating it with the acid in presence of zinc chloride.5 Finally, 
tri-O-methylwedelolactone was synthesised as follows: Asarylaldehyde, obtained in nearly 
quantitative yield from 1 : 2 : 4-trimethoxybenzene by treatment with dimethylformamide, 
was converted into 2 : 4 : 5-trimethoxybenzyl cyanide, through 2 : 4 : 5-trimethoxyphenyl- 
pyruvic acid. The deoxybenzoin (IV) obtained by a Hoesch reaction of this cyanide with 
phloroglucinol was converted by selective methylation * into the dimethyl ether (IVa) 
and thence by ethyl carbonate and sodium ° into the coumarin (IIIb) which on fusion with 
pyridine hydrochloride followed by methylation yielded tri-O-methylwedelolactone (I) 
identical with that obtained from wedelolactone (mixed m. p. and ultraviolet spectrum, 


see Figure). 


* Part II, preceding paper. 

1 Govindachari, Nagarajan, and Pai, J., 1956, 629. 

2 Stahmann, Wolff, and Link, J]. Amer. Chem. Soc., 1943, 65, 2285. 
3 Finzi, Monatsh., 1905, 26, 1125. 

4 Nam, Buu-Hoi, and Xuong, /., 1954, 1690. 

5 Takei, Miyajima, and Ono, Ber., 1932, 65, 1047. 

* Boyd, Robertson, and Whalley, J., 1948, 174. 
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Before the completion of this work, we were informed by Dr. W. B. Whalley that 
compounds corresponding to tri-O-methylwedelolactone and its degradation product, 
5 : 6-dimethoxy-2-(2 : 4 : 6-trimethoxyphenyl)benzofuran, had been synthesised by him 
and comparison with samples obtained from wedelolactone confirmed their identity. 
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Ultraviolet measurements are for 95% ethanol solutions. 

Methyl 0-0’-Methoxyphenylacetoxybenzoate.—Methyl] salicylate (8-5 g.) was refluxed with 
o-methoxyphenylacetyl chloride (from-10 g. of acid) in dry benzene (10 ml.) containing mag- 
nesium turnings (1 g.) on a water-bath for 6 hr. The mixture was filtered and the residue 
washed with ether. The combined filtrates were washed with 5% sodium hydroxide solution, 
then with water, and dried (Na,SO,). Evaporation of the solvent and crystallisation of the 
residue from dilute alcohol (charcoal) gave the estey (15 g.) as flakes and needles, m. p. 80° 
(Found : C, 68-2, 68-4; H, 5-6, 5-4. C,,H,,O, requires C, 68-0; H, 5-3%). This was obtained 
in poorer yields by refluxing the acid chloride and methy] salicylate till evolution of hydrogen 
chloride ceased or by heating them in the presence of dry pyridine. In both the cases, the 
product was purified by distillation. The fraction, b. p. 184—186°/0-8 mm., had m. p. 80°. 

4-Hydroxy-3-0-methoxyphenylcoumarin.—The foregoing ester (6-4 g.) was added in small 
quantities to a vigorously stirred suspension of sodium (0-5 g.) in liquid paraffin (50 ml.; dried 
over sodium wire) at 240—250°, then heating and stirring were continued for 1 hr. The mix- 
ture was then cooled and the paraffin layer decanted. The residue was washed with light 
petroleum and dissolved in water (100 ml.), extracted with light petroleum, and made faintly 
acidic by hydrochloric acid. A scum separated and was removed by ether-extraction. The 
aqueous layer was made strongly acid (pH 1-5) and the sticky precipitate taken up in ether. 
The ether layer was dried (Na,SO,) and evaporated. The residue was washed with light 
petroleum and rubbed with ether, yielding a solid which, recrystallised from dilute alcohol, 
gave the coumarin (1-3 g.) as colourless needles, m. p. 176°, giving no colour with ferric chloride 
and dissolving in saturated sodium hydrogen carbonate solution. The acetate, prepared by 
acetic anhydride and a drop of pyridine at 100°, formed needles (from acetic acid), m. p. 204— 
205° (Found: C, 69-4, 69-3; H, 4-5, 4-6; OMe, 10-4. C,,H,,0O, requires C, 69-7; H, 4-5; 
10Me, 10-:0%). The use of excess of sodium at 280° in this reaction yielded a compound, 
m. p. 253°, identical with the coumarin described below. 

4-Hydroxy-3-0-hydroxyphenylcoumarin.—The coumarin (l g.) and pyridine hydrochloride 
(5 g.) were heated in a current of nitrogen at 220° for 6 min. The mixture was cooled 
immediately, treated with water (10 ml.), filtered, and washed with dilute alkali. Acidification 
of the filtrate with hydrochloric acid gave a substance (0-6 g.), which on recrystallisation from 
dilute alcohol yielded 4-hydroxy-3-0-hydroxyphenylcoumarin as needles, m. p. 253°, Ajng, 263 
(log ¢ 3-94), Anax, 320 my (log ¢ 4-10) (Found: C, 71:3; H, 4:1; OMe, 0. C,,;H,9O, requires 
C, 70-9; H, 3-9%), giving a dark green ferric colour. The alkali-insoluble residue (0-2 g.) from 
the demethylation was identical with the lactone described on p. 550. 








550 Chemical Examination of Wedelia calendulacea. Part [1]. 


Lactone of 2-0-Hydroxyphenylbenzofuran-3-carboxylic Acid.—({a) 4-Hydroxy-3-o-methoxy- 
phenylcoumarin (0-2 g.) was fused with pyridine hydrochloride (2 g.) at 220° for 40 min. The 
product was treated with water, filtered off, and washed with alkali. After sublimation at 135— 
140°/1 mm., and crystallisation from methanol, the Jactone was obtained as cream-coloured 
flakes, m. p. 181—182°, Amax, 233, 295, 310, 323 my (log 4-20, 4-02, 4-1, 4-2) (Found: C, 76-1; 
H, 3-1. C,sH,O, requires C, 76-3; H, 3-4%). 

(b) 4-Hydroxy-3-0-hydroxyphenylcoumarin (0-2 g.) was heated at 280° for 2 hr. The 
product was sublimed and the sublimate washed with alkali and recrystallised from methanol, 
to give the lactone, m. p. 181—182°. 

1 : 2: 4-Triacetoxybenzene.—Vliet’s procedure * was successful only if the reaction time was 
short. Powdered quinone (10 g.) was added during 15 min. to stirred acetic anhydride (30 g.) 
containing sulphuric acid (2 g.) at 40—50°. The clear solution was poured into crushed ice, 
and the precipitate recrystallised from 95% alcohol to yield the triacetate (20—22 g.), m. p. 97°. 

1:2:4- hen ethoxybenzene.—The directions of Bargellini and Martegiani® for obtaining 
this from 1: 2: 4-triacetoxybenzene were found to be inadequate. The triacetate (30 g.), 
dissolved in me ethanol (60 ml.) and methyl sulphate (105 ml.), was treated slowly with sodium 
hydroxide (90 g.) in water (90 ml.), with stirring. The mixture was cooled to 25—30°. After 
1 hr. water (300 ml.) was added and the oil extracted with ether. Evaporation of the dried 
ether layer and distillation gave } : 2 : 4-trimethoxybenzene (15 g.), b. p. 247°/760 mm. 

Asarylaldehyde.—1 : 2 : 4-Trimethoxybenzene (15 g.), NN-dimethylformamide (10 g.), and 
phosphorus oxychloride (9 ml.) were heated at 100° for 44 hr. A saturated aqueous solution 
of sodium acetate (30 g.) was then added and the mixture refluxed for 30 min. On cooling, 
colourless needles separated and were filtered off and washed with water. Asarylaldehyde 
(14-6 g.), m. p. and mixed m. p. with a synthetic specimen,® 115°, was thus obtained. 

2:4: 5-Trimethoxyphenylpyruvic Acid.—Asarylaldehyde was treated with hippuric acid 
according to the directions of Takei, Miyajima, and Ono. The azlactone (3-5 g.) was refluxed 
with sodium hydroxide (5-6 g.) in water (35 ml.) till evolution of ammonia ceased. The solution 
was cooled, saturated with sulphur dioxide, and filtered. The filtrate was treated at its b. p. 
with concentrated hydrochloric acid till no more sulphur dioxide was evolved. On cooling, 
the pyruvic acid (1-8 g.) separated and was obtained by crystallisation from alcohol as colourless 
cubes and needles, m. p. 192—194° (decomp.) (Found: C, 56-8; H, 5-5. C,,H,,0, requires 
C, 56-7; H, 5-5%). 

The pyruvic acid (6 g.) and hydroxylamine hydrochloride (4 g.) in 10% sodium hydroxide 
solution (50 ml.) were warmed at 50—55°. After 24 hr. the solution was acidified with hydro- 
chloric acid, and the precipitate collected and washed with ice-water. On recrystallisation 
from hot water, the oxime (6 g.) was obtained as colourless plates, m. p. 128—130° (decomp.). 
ns analytical sample was dried for several days at 30°/0-5 mm. (Found: C, 53-1; H, 6-0. 

Catia e - requires C, 53-5; H, 5-6%). 

2: 5-Trimethoxy benzyl Cyanide.—The foregoing oxime (7 g.) was warmed cautiously with 
acetic alanis (5 ml.) on the water-bath. After the vigorous reaction had subsided, water 
(50 ml.) was added, and the mixture cooled at 0°. After 12 hr. the precipitate was collected 
and washed with sodium hydrogen carbonate solution and then with water. Recrystallisation 
from 50% alcohol afforded 2 : 4 : 5-trimethoxybenzyl cyanide (4-2 g.), needles, m. p. 88-5° (Found : 
C, 64:2; H, 6-5. C,,H,,0,N requires C, 63-8; H, 6-3%). 

2:4: 6-Trihydroxyphenyl 2: 4: 5-Trimethoxybenzyl Ketone.—A slow stream of dry hydrogen 
chloride was passed for 5 hr. into a stirred, ice-cooled solution of anh¥drous phloroglucinol 
(1-4 g.) and 2: 4: 5-trimethoxybenzyl cyanide (2 g.) in dry ether (40 ml.) containing anhydrous 
zine chloride (0-8 g.). After 1 hr., the solid ketimine hydrochloride started to separate. The 
mixture was left at 0° for 24 hr. The hydrochloride was collected, washed with dry ether, 
dissolved in water (50 ml.}), and refluxed for 2hr. Crystallisation of the precipitate obtained on 
cooling, from aqueous alcohol, gave needles and plates of the ketone (1-5 g.), m. p. 208—209°. 
The analytical sample was dried at 140°/2 mm. (Found: C, 61-4; H, 5-7. C,,H,,0, requires 
C, 61-1; H, 5-4%). The ketone gave a reddish-brown ferric colour, and a blood-red colour 
with concentrated nitric acid. 

2-Hydroxy-4 : 6-dimethoxyphenyl 2:4: 5-Trimethoxybenzyl Ketone—The foregoing ketone 

7 Vliet, Org. Synth., Col. Vol. I, 1946, p. 317. 


8 Bargellini and Martegiani, Gazzetta, 1911, 41, II, 448. 
® Rajagopalan, Seshadri, and Varadarajan, Proc. Indian Acad. Sci., 1949, 30, 265. 
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(1 g.), methyl sulphate (0-8 g.), potassium carbonate (3 g.), and acetone (25 ml.) were heated on 
the water-bath for 14 hr. The product crystallised from alcohol as needles (0-8 g.), m. p. 144— 
145° (Found: C, 63-2; H, 6-6. C, ,H,,O, requires C, 63:0; H, 6-1%), dissolving in 2N-sodium 
hydroxide with difficulty in the cold, but more readily on heating to give a yellow solution. 
It gave a blue colour with a drop of concentrated nitric acid, becoming red on dilution with 
water. With concentrated sulphuric acid, a pale green colour, deepening on warming and 
becoming red on dilution, was obtained. 

4-Hydroxy-5 : 7-dimethoxy-3-(2 : 4: 5-trimethoxyphenyl)coumarin.—The foregoing ketone 
(0-2 g.) in ethyl carbonate (5 ml.; distilled over phosphoric oxide) containing pulverised sodium 
(0-3 g.) was warmed on the water-bath for 20 min. The granular sodium salt which separated 
was treated with a small volume of methanol to decompose excess of sodium. Water (5 ml.) 
was added, and the solution, after repeated extraction with ether, made acidic to Congo-red. 
The gelatinous precipitate was washed, dried, and crystallised from alcohol and then from 
aqueous acetic acid, to yield the coumarin (0-13 g.), m. p. 272°, Amax, 313 my. (log e 4-07) (Found : 
C, 62-1; H, 5-6. C, 9H, 90, requires C, 61-9; H, 5-2%), dissolving with difficulty in cold 
sodium hydrogen carbonate solution but readily on warming and having a negative ferric 
reaction. The acetate, prepared as above, had m. p. 240° (from acetic acid) (Found: C, 61-3; 
H, 5-2. C.,H,.0, requires C, 61-4; H, 5-1%). The methyl ether, prepared quantitatively 
by refluxing the coumarin (0-1 g.) with methyl iodide (1 ml.) and potassium carbonate (1 g.) in 
acetone (5 ml.), was obtained from aqueous alcohol as colourless needles, m. p. 185° (Found : 
C, 62-2; H, 5-8. C,,H,.O, requires C, 62-7; H, 5-5%). 

Tri-O-methylwedelolactone.—The foregoing hydroxycoumarin (0-2 g.) was heated with dry 
pyridine hydrochloride (3 g.) at 240—250° in a current of nitrogen for 40 min., cooled, and 
treated with water (10 ml.). A light brown solid separated and was extracted repeatedly with 
ether. The dried (Na,SO,) ether layer was evaporated and the residue refluxed with methyl 
iodide (2 ml.) and potassium carbonate (1 g.) in dry acetone (5 ml.) for 8 hr. After removal 
of acetone, water was added and the mixture filtered. The residue was washed with alcohol 
and then recrystallised from acetic acid—alcohol mixture, to yield needles of tri-O-methyl- 
wedelolactone (20 mg.), m. p. and mixed m. p. 247—248°, A,,, 247 ,300, 350 my (log e 4-27, 
3°80, 4-35) (Found: C, 64-0; H, 4:3. C,,H,,0, requires C, 64-0; H, 45%). 


We are grateful to the Council of Scientific and Industrial Research, Government of India, 
for a grant which defrayed expenses and for a Research Assistantship (to K.N.), to the 
Government of Madras for a studentship (to P.C. P.), and to Mr. S. Selvavinayagam for 
analyses. 
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110. Structure of Gentianine. 
By T. R. GOvINDACHARI, K. NAGARAJAN, and S. RAJAPPA. 


Gentianine isolated from Enicostemma littorale is shown to be 4-2’-hydr- 
oxyethyl-5-vinylnicotinic lactone by degradative and synthetic experi- 
ments.* 


From Enicostemma litorale Bl. (Gentianaceae) we have isolated an alkaloid, C,gH,O,N, 
m. p. 82—83°. The molecular formule and melting points of the alkaloid and its deriv- 
atives corresponded closely to those reported for gentianine 2 to which structure (Ia) has 
been assigned. However, the assertion by the Russian authors that gentianine contained 
a C-methyl group and our failure to detect a C-methyl group by Kuhn—Roth method f or 
(more important) in the infrared absorption spectrum, and the non-availability of a sample 

* Part of this work was published in Chem. and Ind., 1956, 1017. 

+ Duplicate C-methyl determinations by Drs. Weiler and Strauss, Oxford. 


1 Proskurnina, J. Gen. Chem. (U.S.S.R.), 1944, 14, 1148; Chem. Abs., 1946, 40, 7213. 
2 Proskurnina, Shpanov, and Konovalova, Doklady Akad. Nauk S.S.S.R., 1949, 66, 437; Chem. 
Abs., 1950, 44, 159. 
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for comparison till the completion of the work reported here, made us proceed on the 
assumption that our alkaloid was isomeric, and not identical, with gentianine. 

The infrared absorption spectrum of the alkaloid showed bands at 1719 («$-unsaturated 
8-lactone) and 1634 cm.~! (conjugated double bond) and no bands in the region 1300— 
1400 cm.-! (C-methyl). The alkaloid was optically inactive and could not be resolved. 
Treatment with alcoholic sodium hydroxide gave a sodium salt from which the alkaloid 
was recovered by acidification. The alkaloid gave a dihydro-derivative, m. p. 74—76°, 
on hydrogenation in presence of Adams catalyst (bands at 1716 and 1385 cm." and no 
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band at 1635 cm.-1). Ozonolysis of the alkaloid yielded formaldehyde. Oxidation with 
potassium permanganate in acetone solution yielded a lactonic acid, C,H,0,N, showing the 
presence of a vinyl group. Vigorous oxidation yielded pyridine-3 : 4 : 5-tricarboxylic acid, 
whose identity was confirmed by comparison with a sample synthesised by oxidation of 
5-ethyl-4-methylnicotinic acid. Pyridine-3 : 4 : 5-tricarboxylic acid has been prepared % 
by selective decarboxylation of the dipotassium salt of pyridinepentacarboxylic acid, a 
method both tedious and ambiguous. Hydrolysis of the lactonic acid, CjH,O,N, followed 
by decarboxylation, yielded a basic oil from which a picrate, m. p. 155—160°, was obtained 
whose analysis was intermediate between that of a vinylpyridine and of a pyridylethanol. 
Oxidation of the basic oil yielded isonicotinic acid, establishing the alcoholic side chain as 
in position 4. : 

These degradations lead to structure (Ia) or (IIa) for the alkaloid, but the infrared evidence 
favours the latter, a six-membered lactone. Attempts to decarboxylate the acid from the 
dihydro-derivative of the alkaloid in the hope of obtaining a 5-ethyl-4-hydroxyethyl- 
pyridine led to a mixture of bases from which no pure compound could be isolated. A 
choice between these structures could be made only by synthesis. 

Compound (Ib) was first synthesised from 4-ethylnicotinic acid in order to determine the 
experimental conditions for synthesis of (Ic). This acid has been prepared * by sulphon- 
ation of 4-ethylpyridine, fusion with sodium-—potassium cyanide, ard hydrolysis of the 
resulting nitrile. An alternate method of wider applicability developed by us is illustrated 
in the case of 4-ethylnicotinic acid. Ethyl $-oxovalerate was condensed with cyano- 
acetamide and the resulting dihydroxypyridine converted into 4-ethylnicotinic acid by 
treatment with phosphorus oxychloride, reduction, and hydrolysis. Its N-oxide on treat- 
ment with acetic anhydride® gave 4-l’-hydroxyethylnicotinic lactone (Ib). Use of 
vigorous conditions in this reaction led to 4-vinylpyridine and 4-1’-hydroxyethylpyridine 
acetate. Starting from ethyl «-ethyl-$-oxovalerate, 4: 5-diethylnicotinic acid was 
synthesised in an analogous manner and converted into 5-ethyl-4-1’-hydroxyethylnicotinic 
lactone (Ic), through the N-oxide which was treated with acetic anhydride. The picrate, 
m. p. 148—149°, of this lactone (Ic) showed an infrared absorption band at 1763 cm.-! 
(x8-unsaturated y-lactone) and was different from the picrate, m. p. 140—142°, of the 


® Weber, Annalen, 1887, 241, 16; see also Riigheimer and Friling, Annalen, 1903, 326, 269. 
* Wawzonek, Nelson, jun., and Thelen, J. Amer. Chem. Soc., 1952, '74, 2894. 
net 5 Boekelheide and Linn, J. Amer. Chem. Soc., 1954, 76, 1286; Boekelheide and Harrison, Chem. and 
nd., 1955, 1423. 
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dihydro-derivative of the alkaloid, the latter showing an absorption band at 1720 cm.!. 
This eliminated structure (Ia) for the alkaloid. 

Proof for structure (IIa) for the alkaloid was then sought by synthesis of the dihydro- 
derivative (IIb). 5-Ethyl-4-methylnicotinic acid was obtained starting from ethyl 
a-ethylacetoacetate. Treatment of the acid with formaldehyde yielded the lactone of 
2-(3-carboxy-5-ethyl-4-pyridyl)propane-1 : 3-diol (III), identical with that obtained from 
the dihydro-derivative of the alkaloid by similar treatment. This conclusively establishes 
structure (Ila) for the alkaloid. Action of formaldehyde on the sodium salt of the 
nicotinic acid yielded the dihydro-derivative of the alkaloid. 

After completion of this work, a sample of gentianine received through the courtesy of 
Sojuzchimexport, Moscow, established the identity of our alkaloid with gentianine, for 
which structure (Ila) must therefore be assigned. Iyer, Pathak, and Bose ® recently also 
reported the isolation of gentianine from Enicostemma littorale. The alkaloid erythricine,? 
C,9H,O.N, m. p. 783—80°, may also prove to be identical with gentianine. 


EXPERIMENTAL 


In view of the identity of our alkaloid with gentianine, it is referred to below by this name. 

Ultraviolet measurements are for 95% ethanol solutions. Microanalyses are by Mr. S. 
Selvavinayagam. 

Isolation and Degradation of Gentianine.—(a) Extraction of Enicostemma littorale (with 
Mr. U. Ramapas Rao). Powdered plant material (whole plant, 2 kg.) was made into a paste 
with aqueous ammonia (21.; d 0-9) and water and dried at 30° in the shade, then continuously 
extracted with hot chloroform for several hours. The extract was shaken repeatedly with 
N-sulphuric acid until negative to Mayer’s reagent. The acid extracts were neutralised with 
barium carbonate and filtered. The barium sulphate cake was washed thoroughly with water. 
The aqueous filtrates were rendered acidic with acetic acid, concentrated to a small volume 
in vacuo, basified with concentrated aqueous ammonia, and extracted thoroughly with ether. 
The ether extracts, after drying (Na,SO,) and evaporation, left the crude alkaloid (6—12 g.). 
Crystallisation from moist ether gave colourless needles of gentianine (4—8 g.), m. p. 82—83°, 
[o}$ +0° (in CHC]s), Amax, 220 my (log € 4-38), Aing, 245, 280 my (log ¢ 3-9, 3-2) (Found: C, 68-2, 
68-2; H, 4-9, 4:7; N, 8-0; C-Me,0. Calc. for C,,H,O,N : C, 68-6; H, 5-1; N, 8-0%), yielding 
a hydrochloride, m. p. 169—170° (decomp.), colourless needles from alcohol-ether, hydro- 
bromide, m. p. 178° (decomp.), needles from alcohol—ether, nitrate, needles, m. p. 113° (decomp.), 
oxalate, m. p. 156° (from alcohol), a (+)-tartrate, m. p. 138° (from alcohol), picrate, yellow 
needles (from water), m. p. 123—-124° (Found: C, 48-0; H, 2:7. C,gH,,O,N, requires C, 47-5; 
H, 3-0%), and methiodide, m. p. 193° (from alcohol—-ether) (Found : C, 41-4; H, 3-9. Calc. for 
C,,H,,0,NI: C, 41-6; H, 3-8%). (M. p.s reported by Proskurnina et al.:1 gentianine, 79— 
80°; hydrochloride, 171—172°; hydrobromide, 177—178°; nitrate, 238—240°; oxalate 
152—153°; methiodide, 190—191°). 

(b) Sodium gentianinate. Gentianine (0-1 g.) in ethanol (2 ml.) was treated with sodium 
hydroxide (0-035 g.) in ethanol. To the solution, ether (10 ml.) was added. The precipitate 
was washed with ether (20 ml.) to give sodium gentianinate, decomp. >200° (Proskurnina 
et al.1 reported m. p. 132—134°). An aqueous solution of the above salt was acidified with 
hydrochloric acid, left overnight, basified with ammonia, and extracted with ether. Evapor- 
ation and crystallisation of the residue (80 mg.) from ether gave gentianine, m. p. and mixed 
m. p. 82°. 

(c) Dihydrogentianine. Gentianine (0-8 g.) in methanol (25 ml.) was shaken with hydrogen 
at 55 lb. per sq. in. in the presence of Adams catalyst (50 mg.). Hydrogen uptake ceased after 
absorption of 1 mol. The solution was filtered and evaporated. The residual oil solidified 
and crystallised from ether-light petroleum, to give dihydrogentianine (0-6 g.), m. p. 74—76° 
(Proskurnina et al.1 reported m. p. 75—76°), Amax, 270 my (log ¢ 3-4) (Found: C, 67-8, 67-7; H, 
6-1, 6-2. Calc. for CyH,,O,N: C, 67-8; H, 6:2%), yielding a picrate, yellow needles (from 
water), m. p. 140—142° (Found: C, 47-9; H, 3-4. C,,H,,0,N, requires C, 47-3; H, 3-4%). 

(d) Ozonolysis of gentianine. The alkaloid (0-5 g.) in dry chloroform (50 ml.) was treated 








® Iyer, Pathak and Bose, Naturwiss., 1956, 48, 251. 
? Feofilaktov and Ban’kovskii, Farmatsiya, 1946, 9, No. 5, 10; Chem. Abs., 1947, 41, 7676. 
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with ozone (0-2 g.) at 0° during 6hr. The residue obtained on evaporation of the solvent at 30° 
in vacuo was refluxed with water (100 ml.) for 1 hr. Acetic acid (1 ml.) and water (100 ml.) 
were added and the solution was distilled in steam. The distillate was received in water 
(200 ml.) containing dimedone (1-5 g.), boiled, and filtered hot. The crystals obtained on 
cooling were recrystallised from dilute alcohol and had m. p. and mixed m. p. with formaldehyde - 
dimedone, 187°. 

(e) Mild oxidation of gentianine. The alkaloid (1-45 g.) in acetone (50 ml.) was treated 
slowly with potassium permanganate (4-4 g.) in acetone (300 ml.) till a pink colour persisted. 
After 1 hr. the solvent was distilled off and the residue digested with hot water and filtered. 
The filtrate was evaporated nearly to dryness, acidified with hydrochloric acid, and cooled. 
The precipitate, recrystallised from hot water, gave the lactone (0.94 g.), m. p. 260—262°, 
Aino, 265 my (log ¢ 3-1), of 4-2’-hydroxyethylpyridine-3 : 5-dicarboxylic acid (Found: C, 56-0, 
55-6; H, 3-4, 3-1. Calc. forC,H,O,N: C, 56-0; H, 36%). Proskurnina et a/.1 reported m. p. 
264°. 

(f) Vigorous oxidation of gentianine. Gentianine (0-5 g.) in 2N-sodium hydroxide (20 ml.) 
was treated at 100° with potassium permanganate (2 g.) in water (20 ml.) till a pink colour 
persisted. After a further hour’s heating the solution was filtered and the residue washed with 
water. The filtrate was decolorised with sulphurous acid, evaporated in vacuo, acidified, and 
again evaporated to dryness. The residue, on crystallisation from hot water, gave an acid 
(150 mg.), m. p. about 250° (decomp.), which left an alkaline residue on combustion. A solution 
of this in water (50 ml.) was passed through a 4 in. column of Zeo-Karb 315 (Permutit), and the 
column eluted with water. Evaporation of the eluate and recrystallisation of the residue from 
water gave pyridine-3 : 4 : 5-tricarboxylic acid, m. p. and mixed m. p. (see below) 262—264° 
(decomp.) (Found : C, 45-2; H, 2-8. Calc. for C,H,O,N : C, 45-5; H, 2-4%). 

(g) Decarboxylation of the lactone-acid. Various methods of decarboxylation failed. The 
potassium salt of the lactone-acid [made by evaporating a solution of the acid (0-94 g.) in water 
(3 ml.) containing potassium hydroxide (0-55 g.)] was heated strongly with soda lime (3 g.). 
The distillate (200 mg.) yielded a picrate, m. p. 155—160°, unchanged by repeated crystallis- 
ation from various solvents (Found : C, 45-2; H, 3-5. Calc. for C,,H,,0,N,: C, 46-7; H, 3-0. 
Calc. for C,,H,,0,N,: C, 44-3; H, 3-4%). 

(h) Oxidation of the decarboxylation product. The above crude base (100 mg.) in water 
(20 ml.) containing 2N-sodium hydroxide (1 ml.) was oxidised at 100° with potassium perman- 
ganate (0-3 g.). The solution was filtered and the residue washed with hot water. The 
combined filtrates were acidified and evaporated. The residue was extracted with boiling 
alcohol, the mixture filtered, and the filtrate evaporated. The residue on treatment with 
aqueous picric acid (50 mg.) gave a picrate, m. p. and mixed m. p. 215° with isonicotinic acid 
picrate.* Admixture with nicotinic acid picrate § (m. p. 210°) lowered the m. p. to 160—170°. 

4-1’-Hydroxyethylnicotinic Lactone.—(a) 3-Cyano-4-ethyl-2 : 6-dihydroxypyridine. Ethyl 8- 
oxovalerate ® (9 g.), cyanoacetamide (5 g.), piperidine (10 ml.), and methanol (15 ml.) were 
refluxed for 3 hr. The methanol was distilled off, and the residue diluted with water (50 ml.) 
and acidified with dilute hydrochloric acid, to yield the nitrile (3 g.). Recrystallised from water, 
this blackened above 250° and effervesced at 260° (Found : C, 58-3; H, 4-8. C,H,O,N, requires 
C, 58-6; H, 49%). 

(b) 4-Ethylnicotinonitrile. The above pyridone (9 g.) was heated with phosphorus oxy- 
chloride (18 ml.) at 180° for 4 hr. in a sealed tube. The contents were poured on crushed ice. 
The solution was allowed to come to room temperature and extracted repeatedly with ether. 
The combined extracts were washed with water and dried (Na,SO,), and the solvent was 
distilled off, yielding the crude chloro-compound (8 g.) which was hydrogenated in methanol 
(100 ml.) containing potassium acetate (10 g.) and palladium chloride (0-7 g.) at 2 atm., till no 
more hydrogen was absorbed (}$ hr.). The solution was filtered and the residue washed with 
methanol. The filtrate was evaporated, and the residue treated with water (50 ml.), saturated 
with sodium hydrogen carbonate, and extracted with ether. Evaporation of the dried (Na,SO,) 
ether extract, and vacuum-distillation of the residual oil gave 4-ethylnicotinonitrile (3-7 g.), 
b. p. 92°/3—4 mm., yielding a picrate (from water), m. p. 153—155° (Found: C, 46-0; H, 3-3. 
C,,H,,0,N, requires C, 46-5; H, 30%). Wawzonek ef al.4 reported b. p. 72—74°/2 mm. for 
the nitrile. 


* Johnson, J., 1947, 1626. 
® Anderson, Halverstadt, Miller, and Roblin, jun., J. Amer. Chem. Soc., 1945, 67, 2197. 
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(c) 4-Ethylnicotinic acid 1-oxide. 4-Ethylnicotinic acid (0-85 g.; from 4-ethylnicotino- 
nitrile *) in acetic acid (6 ml.) containing 30% hydrogen peroxide (2 ml.) was heated at 70° for 
3hr. More hydrogen peroxide (2 ml.) was added and the mixture left at 70° for a further 8 hr. 
The solution was evaporated in vacuo, with repeated additions of water to remove last traces of 
hydrogen peroxide and acetic acid. The residue, on two crystallisations from water, gave the 
N-oxide (0-85 g.), m. p. 187—188° (Found: C, 57-4; H, 5-6; N, 7-9. C,H,O,N requires C, 
57-5; H, 5-4; N, 8-4%). 

(d) 4-1’-Hydroxyethyinicotinic lactone. (i) The above N-oxide (0-77 g.) in dioxan (10 ml.) 
containing acetic anhydride (2 ml.) was heated under reflux for4hr, The solvents were removed 
in vacuo; the residue was treated with excess of saturated sodium hydrogen carbonate solution 
and extracted with ether. The dried (Na,SO,) ether extract on evaporation gave an oil (0-45 g.) 
which, on treatment with picric acid (0-9 g.) in ether (50 ml.), gave a resin. This resin was 
washed several times with ether and then crystallised from alcohol, to give yellow plates of a 
picrate, m. p. 130—133°, raised by two recrystallisations from the same solvent to 148—151 
(Found: C, 45-5; H, 3-1. Calc. for C,,H,,O,N,: C, 45-7; H, 3-6%). The m. p: was 
undepressed on admixture with the picrate derived from 4-1’-hydroxyethylpyridine acetate, 
prepared by treatment of 4-ethylpyridine l-oxide with acetic anhydride. 

The ether washings from the above experiment, on spontaneous evaporation, gave the 
4-1’-hydroxyethylnicotinic lactone picrate, m. p. 153° after two crystallisations from alcohol 
(Found : C, 44-5; H, 2-7; N, 14-3. C,H, 9O,N, requires C, 44-4; H, 2-6; N,14-8%). Passage 
of a benzene solution (50 ml.) of this picrate (200 mg.) through alumina gave the free base (from 
ether-light petroleum), m. p. 87—88°, Amax, 255 my (log ¢« 3-18) (Found: C, 65-0; H, 4-4. 
C,H,O,N requires C, 64-4; H, 4:7%). 

(ii) 4-Ethylnicotinic acid 1l-oxide (0-5 g.) was warmed with acetic anhydride (2 ml.) till 
dissolved and left overnight at 30°. Addition of water, saturation with sodium hydrogen 
carbonate, and extraction with ether gave an oil (0-21 g.), yielding a single picrate (200 mg.), 
m. p. 153—154°, identical with the lactone picrate described above. 

5-Ethyl-4-1'-hydroxyethylnicotinic Lactone.—(a) 3-Cyano-4 : 5-diethyl-2 : 6-dihydroxypyridine. 
This could not be obtained by refluxing ethyl «-ethyl-8-oxovalerate with piperidine and cyano- 
acetamide in methanol for 3 hr. Guareschi’s procedure #° was, however, successful. Ethyl 
«-ethyl-$-oxovalerate * (22 g.) was shaken with aqueous ammonia (40 ml.; d 0-9) for 6 days, and 
the aqueous layer containing .the amide was separated and treated with ethyl cyanoacetate 
(16 ml.). The homogeneous solution obtained by shaking was left at 30° for 4 days. The 
ammonium salt of the nitrile was filtered off, suspended in water, and acidified. The precipitate, 
on recrystallisation from water, gave the nitrile (7 g.), m. p. 186—187° (decomp.) (Found: C, 
62-2; H, 6-4. C, 9H,.O,N, requires C, 62-5; H, 6-3%). 

(b) 4: 5-Diethylnicotinonitrile. The preceding compound (10 g.) was heated with phos- 
phorus oxychloride (20 ml.) and worked up as usual, to give the chloro-compound (8 g.) which 
was hydrogenated in the presence of palladium chloride (0-7 g.) in methanol (100 ml.) containing 
potassium acetate (8 g.), to give the nitrile (3-2 g.), b. p.110°/h mm. The picrate, on crystallis- 
ation from water, had m. p. 144—145-5° (Found: C, 49-6; H, 3-7. C,.H,,0,N, requires 
C, 49-4; H, 3-9%). 

(c) 4: 5-Diethylnicotinic acid. The preceding nitrile (3-2 g.) was heated at 140° for 6 hr. 
with 75% sulphuric acid (32 ml.). The mixture was poured on crushed ice, and the solution 
treated with calcium hydroxide to pH 5—6 and filtered. The residue was repeatedly washed 
with boiling water. The combined filtrates were evaporated to dryness in vacuo, extracted with 
boiling alcohol, and filtered. The filtrate was evaporated to dryness, and the residual amino- 
acid sulphate passed in aqueous solution through De-Acidite E (Permutit). Evaporation of the 
eluate and recrystallisation from alcohol-ether gave 4: 5-diethylnicotinic acid (2-5 g.), m. p. 
115—116° (Found : C, 66-6; H, 7-1. C, 9H,,;0,N requires C, 67-0; H, 7-3%). 

(d) 4: 5-Diethylnicotinic acid 1-oxide. On treatment with hydrogen peroxide in acetic acid 
and crystallisation from water, the above acid (2-3 g.) gave the N-oxide (1-3 g.), m. p. 190 
192° (Found: C, 61-8; H, 6-6. CC, jH,,0,N requires C, 61-6; H, 6-7%). 

(e) 5-Ethyl-4-1’-hydroxyethylnicotinic lactone. The oxide (0-5 g.) was treated with acetic 
anhydride (2 ml.) with occasional warming and shaking. The dark red solution was left over- 
night and worked up as above. The red oil (180 mg.) thus obtained, on treatment with ethereal 
picric acid (500 mg.) and crystallisation from methanol and then twice from water, gave the 


10 Guareschi, Ber., Ref., 1896, 29, 655; Ruzicka and Fornasir, Helv. Chim. Acta, 1919, 2, 338. 
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lactone picrate (80 mg.), m. p. 148—149° (Found: C, 47-8; H, 3-5. C,gH,,O,N, requires C, 
47-3; H, 3-5%). 

2-(3-Carboxy-5-ethyl-4-pyridyl)propane-1 : 3-diol Lactone—(a) 5-Ethyl-4-methylnicotino- 
nitrile. 3-Cyano-5-ethyl-2 : 6-dihydroxy-4-methylpyridine ! (5 g.), when heated with phos- 
phorus oxychloride (10 ml.) at 160° for 4} hr., gave solid 2: 6-dichloro-3-cyano-5-ethyl-4- 
methylpyridine (4-5 g.). Hydrogenation in presence of palladium chloride (0-4 g.) in methanol 
(50 ml.) containing potassium acetate (5-5 g.) yielded the nitrile (2-5 g.), b. p. 120°/7 mm., 
characterised as the picrate, m. p. 157—158° (from water) (Found: C, 48-3; H, 3:8. 
C,;H,,0,N, requires C, 48-0; H, 3-5%). 

(b) 5-Ethyl-4-methylnicotinic acid. The preceding nitrile (2 g.) was hydrolysed with 75% 
sulphuric acid (20 ml.) and worked up as above, giving the acid (1-5 g.), crystallising from 
alcohol-ether in flakes, m. p. 163—165° (Found: C, 65-6; H, 6-4. C,H,,O,N requires C, 65-5; 
H, 6-7%). 

(c) The lactone. The above acid (1 g.) was heated (sealed tube) with 40% aqueous form- 
aldehyde (3 ml.) at 100° for 24 hr. Excess of formaldehyde was then removed in steam. 
The solution was concentrated to 5 ml. and extracted repeatedly with chloroform—ether. 
The dried (Na,SO,) extracts were evaporated and the residue (0-5 g.), after being washed 
with ether, crystallised from methanol-ether to give needles of the lactone, m. p. 168—169°, 
max. 270 my (log ¢ 3-44) (Found: C, 63-3; H, 6-3. C,,H,,0,N requires C, 63-8; H, 6-3%). 

Action of Formaldehyde on Dihydrogentianine.—Dihydrogentianine (0-3 g.) was heated with 
40% aqueous formaldehyde (1 ml.) at 100° for 24 hr. On working up as before, a colourless 
solid (0-15 g.) was obtained. Recrystallisation from methanol-ether gave needles, m. p. and 
mixed m. p. 168—169° with the preceding lactone (Found: C, 63-8; H, 6-4%). 

Synthesis of Dihydrogentianine.—The sodium salt of 5-ethyl-4-methylnicotinic acid [obtained 
from the acid (0-5 g.) by treatment with the calculated quantity of 2N-sodium hydroxide] was 
heated with 40% aqueous formaldehyde (0-3 ml.) at 100° for 15 hr., then steam- 
distilled, acidified, and after 1 hr. basified with solid sodium hydrogen carbonate, and extracted 
with chloroform-ether. The dried (Na,SO,) extracts were evaporated. The residue, on 
digestion with light petroleum, gave the lactone, m. p. 168—169°, described above. Evapor- 
ation of the light petroleum extract and crystallisation of the residue from ether—light petroleum 
ether gave dihydrogentianine (8 mg.), m. p. and mixed m. p. 74—76° (Found : C, 67-9; H, 6-2%). 

Pyridine-3 : 4 : 5-tricarboxylic Acid.—5-Ethyl]-4-methylnicotinic acid (1 g.) in water (25 ml.) 
and 2n-sodium hydroxide (10 ml.) was oxidised with potassium permanganate as in section (f) 
above, giving an acid (0-35 g.), m. p. 258° (decomp.), which left an alkaline residue on 
combustion. Purification of this acid by passage through Zeo-Karb 315 (Permutit) gave pyridine- 
3: 4: 5-tricarboxylic acid (0-2 g.) as needles, m. p. 262—264° (decomp.) (Found: C, 45-6; H, 
2-5%). Weber * reported m. p. 261° (decomp.). 


We are grateful to Sir Alexander Todd, F.R.S., Dr. W. Herz, Dr. Gurbakgsh Singh, and 
Messrs. Sadtler Research Laboratories for infrared spectra, to Dr. E. Schlittler for photostat 
reprints of the Russian papers, to Sojuzchimexport, Moscow, for a sample of gentianine and to 
the University of Madras for a studentship (to S. R.). 


PRESIDENCY COLLEGE, MADRAS, INDIA, (Received, September 21st, 1956.) 
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111. Synthesis of (+)-Ophiocarpine. 
By T. R. GovinDAcHARI and S. RAJADURAI. 


The synthesis of the two racemates corresponding to stiucture (I) is 
reported, and one of these is shown to have an infrared spectrum identical 
with that of (—)-ophiocarpine. 


THE alkaloid ophiocarpine, isolated and assigned structure (I) by Manske,! is of interest 
because it is the sole representative of a type which is probably a link? between the 
protoberberine and the protopine alkaloids. The synthesis of the two racemates corre- 
sponding to structure (I) is reported here. 

Cyclisation of N-(3 : 4-methylenedioxyphenethyl)meconine-«-carboxyamide yielded 
a base assumed to be dehydronorhydrastine (II) by Perkin, Ray, and Robinson * who did 
not report any analysis. In the present study, the base was characterised as a crystalline 
hydrochloride, and shown to correspond in composition to dehydronorhydrastine. Its 
reduction in presence of Adams catalyst yielded a mixture from which one pure component 


/O /O ,O 
H,C. H,C_ HC. 
fe) 1a N ° NH 


fe) CH—O 


NH 
Cc — 
H OM | | 
‘ co co 
OMe 
(I) OMe OMe 
‘ (II) = OMe (III) OMe 


corresponding to norhydrastine (III) was isolated as a crystalline hydrochloride. 
Reduction of the crude norhydrastine mixture with lithium aluminium hydride yielded 
{-)-ophiocarpine-a, m. p. 252°, and -b, m. p. 176°, neither of which could be resolved. 

The infrared spectra of (--)-ophiocarpine-a and (—)-ophiocarpine in chloroform were 
identical and differed from that of (-+)-ophiocarpine-b. (-+)-Ophiocarpine-a and 
and (—)-ophiocarpine were dehydrated in refluxing concentrated hydrochloric acid to 
dihydroberberine, while (-)-ophiocarpine-b was recovered unchanged under these 
conditions. Evidently, the 13-hydroxyl group and the 14-hydrogen atom are trans-related 
in (—)-ophiocarpine. 


EXPERIMENTAL 


N-(3 : 4-Methylenedioxy phenethyl) meconine - «-carboxyamide.—Meconine-«- carboxyl chloride 
(15 g.) * in benzene (30 ml.) was added dropwise, with cooling, to a mixture of 3 : 4-methylene- 
dioxyphenethylamine (12-5 g.) in benzene (30 ml.) and aqueous N-sodium hydroxide solution 
(75 ml.). The mixture was shaken for 3 hr., and after 12 hr. the amide which gradually 
separated was collected, washed with water, and crystallised from methyl alcohol : it had m. p. 
148° (10 g.); Perkin, Ray, and Robinson * report m. p. 148°. 

Dehydronorhydrastine.—This was prepared as described by Perkin et al. It gave a yellow 
hydrochloride, m. p. 172° (from alcohol—ether) (Found: C, 58-7; H, 5-6. C,9H,,O;N,HCI,H,O 
requires C, 59-2; H, 5-1%). 

Norhydrastine.—Crude dehydronorhydrastine (1-5 g.) in acetic acid (80 ml.) was shaken with 
Adams catalyst (0-1 g.) in hydrogen for 2 hr., whereafter uptake ceased. The solution was 
filtered, and the solvent removed in vacuo. The residual gum was treated with aqueous 
ammonia, giving a white solid with a wide melting-point range. Dissolving this in benzene, 
filtration and treatment with dry hydrogen chloride furnished a single hydrochloride, which on 


1 Manske, Canad. J. Res., 1939, 17, B, 51. 

* Manske and Holmes, “‘ The Alkaloids, Chemistry and Physiology,’’ Academic Press Inc., New York, 
1954, Vol. IV, p. 5. 

* Perkin, Ray, and Robinson, J., 1925, 127, 740. 
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crystallisation from alcohol-ether had m. p. 220° (Found: C, 61-0; H, 5-4. Cg9H,sO;N,HCl 
requires C, 61-3; H, 5-6%). 

Ophiocarpine-a and -b.—To a stirred suspension of lithium aluminium hydride (1-5 g.) in 
ether (50 ml.) was added dropwise a solution of crude norhydrastine (3 g.) in tetrahydrofuran 
(20 ml.). The mixture was stirred for 6 hr. Next morning, the complex was decomposed 
with moist ether (200 ml.). The ether layer was decanted and the residue extracted repeatedly 
with chloroform. The combined ether and chloroform extracts after drying (Na,SO,) and 
removal of solvent furnished a gum. This was rubbed with methanol to yield a white solid 
(0-2 g.), which when washed with hot methanol and crystallised from chloroform—methanol 
gave ophiocarpine-a, needles, m. p. 252° (Found : C, 67-6; H, 5-9; N, 3-6. C,9H,,O;N requires 
C, 67-6; H, 5-9; N, 3-9%). The acetate (prepared by acetic anhydride in pyridine at 160°), 
colourless needles from light petroleum (b. p. 40—60°), had m. p. 172—174° (Found: C, 67-0; 
H, 6-2. C,,H,30,N requires C, 66-5; H, 5-8%). 

From the methanolic mother-liquor, removal of solvent, chromatography over alumina 
in chloroform, and crystallisation from the minimum amount of methanol gave ophiocarpine-b 
(0-8 g.), needles, m. p. 176° (Found: C, 67-3; H, 5-9; N,3-8%). The acetate, colourless needles 
(from methanol), melted at 186° (Found : C, 66-4; H, 6-0%). 

(—)-Ophiocarpine Acetate.—This salt was obtained as colourless needles [from light petroleum 
(b. p. 40—60°)], m. p. 165—167° (Found : C, 67-0; H, 6-3%). 

Dehydration of Ophiocarpine-a.—Ophiocarpine-a (20 mg.) and 8Nn-hydrochloric acid (8 ml.) 
were refluxed for 3 hr. After removal of the acid in vacuo, the residue was dissolved in a small 
amount of water and rendered alkaline with aqueous ammonia. The mixture was extracted 
with ether. Removal of solvent and crystallisation from ether, furnished dihydroberberine, 
m. p. and mixed m. p. 164°. 

Ophiocarpine-b, subjected to this procedure, gave only the starting material. 

We thank Dr. R. H. F. Manske for the gift of a specimen of (—)-ophiocarpine, Dr. L. 
Dorfman for measurement of infrared spectra, and the Government of India for the award of a 
scholarship (to S. R.). 
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112. Some Degradation Studies of Carpaine. 
By T. R. GovinpacHari, N. S. NARASIMHAN, and S. RAJADURAI. 


Degradation studies on carpaine lead to structure (I) for ethyl carpyrinate 
and confirm structure (III) for carpaine assigned by Rapoport e# al. 


In a previous paper? it was shown that ethyl carpyrinate obtained from the lactonic 
alkaloid, carpaine, by hydrolysis, esterification, and dehydrogenation could be assigned 
structure (I) or (II). A choice between these in favour of (I) would confirm structure (ITI) 


HO a | OH oe 
Mew | [CH,],+CO,f Me S Pi *CO,£t Mel [cH, ], 
N 


(1) (11) N (IIT) 


assigned to carpaine by Rapoport, np lio and Volcheck 4 on the basis of Hofmann 
degradation. It was felt that this might be possible by elimination of the 2- or the 6-side- 
chain, leading to a simpler pyridine derivative. It was found that 3-methoxy-2 : 6- 
lutidine, on treatment with 1 mol. of benzaldehyde, yielded 3-methoxy-6-methyl-2- 
styrylpyridine in excellent yield. Oxidation with barium permanganate then gave an 
acid which was decarboxylated to 5-methoxy-2-picoline. 3-Methoxy-2 : 6-lutidine was 
also directly oxidised by 2 equivalents of potassium permanganate to an acid which was 
decarboxylated to 5-methoxy-2-picoline. Both procedures, however, when applied to 


1 Rapoport, Baldridge, and Volcheck, J. Amer. Chem. Soc., 1953, 75 5290 
* Govindachari and Narasimhan, /., 1953, 2635. 
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ethyl O-methylcarpyrinate, gave no useful result, the ethoxycarbonyl group being 
apparently the complicating factor. The ethoxycarbonyl group of ethyl carpyrinate 
was therefore replaced by a methyl group by the following sequence : 


carpaine —» carpamodiol ? —» chlorocarpamol —» carpamol —» 
hexadehydrocarpamol —» hexadehydro-O-methylcarpamol. 


Hexadehydro-O-methylcarpamol did not yield a pure monobenzylidene derivative. 
Oxidation with two equivalents of aqueous potassium permanganate yielded an acid which 
was decarboxylated to 5-methoxy-2-octylpyridine, isolated as the picrate and identified 
by comparison with a synthetic specimen. This result assigns structure (I) to ethyl 
carpyrinate and confirms the previous structure (III) for carpaine.} 


EXPERIMENTAL 

3-Methoxy-6-methyl-2-styrylpyridine.—3-Methoxy-2 : 6-lutidine (2 g.), benzaldehyde (1-6 g.), 
and anhydrous zinc chloride (300 mg.) were heated in a sealed tube for 6 hr. at 180° then treated 
with water (20 ml.) and repeatedly extracted with ether. The ether extract was shaken with 
dilute hydrochloric acid, and the acid layer rendered alkaline with sodium carbonate and 
re-extracted with ether. The ether extract when dried (Na,SO,) and evaporated gave a viscous 
oil, which with hydrogen chloride in ether gave the hydrochloride, m. p. 115° (from alcohol— 
ether) (Found: C, 68-9; H, 6-1. C,;H,,ON,HCl requires C, 68-9; H, 6-1%). 

Oxidation of the Styryl Compound with Barium Permanganate.—A solution of the foregoing 
compound (1 g.) in pyridine (20 ml.) was treated at 0° with barium permanganate (800 mg.) in 
small portions with stirring, then filtered, and the residue was washed with hot water. The 
filtrate was evaporated to dryness. The residue was dissolved in water (10 ml.), and barium 
precipitated as sulphate. After filtration the filtrate was evaporated in vacuo. The amino- 
acid (300 mg.) thus obtained was hygroscopic. It was characterised as the copper salt (Found : 
C, 46-2; H, 4-5. C,,H,,0,N,Cu,H,O requires C, 46-4; H, 4:3%). 

Decarboxylation of the Amino-acid by Copper Powder.—The above acid (200 mg.) was heated 
with copper powder (1-5 g.) gradually to 300°, an oil distilling, whose picrate, crystallised from 
alcohol, had m. p. 135—138° (Found: C, 44-6; H, 3-7. Cale. for C,,H,,O,N,: C, 44:3; 
H, 3-4%). It did not depress the m. p. of 5-methoxy-2-picoline picrate. 

Partial Oxidation and Decarboxylation of 3-Methoxy-2 : 6-lutidine.—A mixture of 3-methoxy- 
2 : 6-lutidine (1 g.) and potassium permanganate (2-3 g.) in water (250 ml.) was stirred on a 
water-bath until the permanganate was consumed. The precipitated manganese dioxide was 
filtered off and washed twice with hot water (50 ml.). The combined filtrates were concen- 
trated to 50 ml. After removal of suspended impurities the solution was acidified to Congo-red 
with hydrochloric acid and evaporated to dryness. The residue was extracted with dry acetone. 
Che acetone extract was evaporated to dryness, and the residue passed in water (20 ml.) through 
De-acidite E (The Permutit Co. Ltd.). The column was eluted with distilled water (100 ml.), 
and the eluate evaporated to dryness. The residue was heated with copper powder (500 mg.) 
gradually to 300° (metal-bath) during 15 min. The distillate was converted into the picrate, 
m. p. 138° (from alcohol—water), alone or mixed with 5-methoxy-2-picoline picrate. 

Chlorocarpamol.—A solution of carpamodiol? hydrochloride (5 g.) in absolute chloroform 
(40 ml.) was treated at 0° with thionyl chloride (i-45 ml.), kept overnight, and evaporated to 
dryness in vacuo. The residue was dissolved in water (20 ml.), basified with saturated sodium 
hydrogen carbonate solution, and extracted with ether. The ether extract, when dried (Na,SO,), 
evaporated, and distilled, gave chlorocarpamol (3 g.), b. p. 150°/0-4 mm. (Found: C, 63-8; 
H, 10-4. C,,H,gONCI requires C, 64-3; H, 10-7%). 

Carpamol.—aA solution of chlorocarpamol (3 g.) in tetrahydrofuran (20 ml.) was added 
dropwise with stirring to a suspension of lithium aluminium hydride (3 g.) in tetrahydrofuran 
(30 ml.). The mixture was stirred and refluxed for an additional 6 hr. Next morning sufficient 
moist ether was added to decompose the complex. The solvent was decanted and the residue 
repeatedly extracted with ether. The combined extracts, after drying (Na,SO,) and removal 
of solvent, gave an oil which on distillation furnished carpamol (2-5 g.), b. p. 114°/0-4 mm. 
(Found: C, 73-7; H, 12-8. C,,H.,ON requires C, 74-0; H, 12-8%). 

Hexadehydrocarpamol.—This compound was obtained in quantitative yield by the dehydro- 
genation of carpamol according to the usual procedure (cf. dehydrogenation of ethyl carpamate *). 


XUM 
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Crystallised from benzene—light petroleum it had m. p. 114—115° (Found: C, 75-8; H, 10-1. 
C,4H,,;ON requires C, 76-0; H, 10-4%). 

Hexadehydro-O-methylcarpamol.—Hexadehydrocarpamol (1-8 g.) in methyl alcohol (40 ml.) 
was treated with a solution of excess of diazomethane (from 15 g. of nitrosomethylurea) in ether f 
at 0°, kept overnight, and evaporated to an oil (1-8 g.) which on distillation gave the methyl ether, 
b. p. 168°/9 mm. (Found: C, 76-3; H, 10-5. C,;H,,ON requires C, 76-6; H, 10-6%). 

Partial Oxidation and Decarboxylation of Hexadehydro-O-methylcarpamol.—A mixture of 
hexadehydro-O-methylcarpamol (210 mg.) and potassium permanganate (300 mg.) in water 





(250 ml.) was refluxed until the permanganate was completely consumed, then worked up as 
described for the oxidation and decarboxylation of 3-methoxy-2 : 6-lutidine, yielding an oil 
which was converted into the picrate, m. p. 72° alone or mixed with 5-methoxy-2-octylpyridine : 
picrate. 


5-Methoxy-2-octylpyridine —To a vigorously stirred solution of potassium amide in liquid 
ammonia (from 1-7 g. of potassium, 200 mg. of ferric chloride, and 100 ml. of liquid ammonia) 
was added 5-methoxy-2-picoline (3-6 g.). An intense red colour developed. The mixture 
was stirred and then heptyl chloride (4 g.) was added as rapidly as possible with continued 
stirring. Next morning the mixture was decomposed with water and extracted with ether. 
The ether extract was shaken with n-hydrochloric acid, and the acid extract was cooled, and 
rendered alkaline with solid sodium carbonate, and extracted repeatedly with-ether. The 
combined ether extracts furnished an oil which on distillation gave, first, 5-methoxy-2-picoline 
(1-5 g.) and then 5-methoxy-2-octylpyridine (1-8 g.), b. p. 156°/5 mm. (Found: C, 75-5; H, 10-2. 
C,,H,,ON requires C, 76-0; H, 10-4%). The picrate had m. p. 72° (from alcohol) (Found : 
C, 53-5; H, 6-0. Cy gH,.O0,N, requires C, 53-3; H, 5-8%). 

We thank Mr. Selvavinayagam for the microanalyses, and the Government of India for a 


National Research Post-doctoral Fellowship (to N. S. N.) and a Research Scholarship (to S. R.). 
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113. Synthesis of Ethyl Carpyrinate.* 
3y T. R. GovinpDAcHARI, N. S. NARASIMHAN, and S. RAjJADURAI. t 
Ethyl carpyrinate, a degradation product from carpaine, has been 
synthesised. 

ETHYL CARPYRINATE, a degradation product ! from carpaine, was assigned structure (IV) 
on the basis of selective oxidation studies * and the structure already assigned * to car- 
paine. We now report a synthesis of ethyl carpyrinate from 5-methoxy-2-picoline 
according to the following scheme : 


al MeO 
— 2). ’ | (b) 
Ss, 7Me SA [CHa] 6° CH(CO2Et)2 
e * ai  N 
HO (c) HOY 
_— > 
(III) 7% [CH j,° CO2H (IV) Me ™ [cH], i CO, Et : 
(a) 1, KNH,-CI-{CH,),-OAc. 2, LiAIH,. 3, SOC. 4, Na*[CH(CO,Et),]>. 
(b) HBr. 


(c) 1, HCHO-NaOH. 2, EtOH-HCI. 3, SOCI,. 4, Pt-H,. 5, Pd-C. 


* This work was briefly described in Chem. and Ind., 1956, 53. Two other syntheses by different ' 
methods, one of ethyl carpyrinate (W. Gruber, Chem. Ber., 1955, 88, 178) and another of carpyrinic acid F 
(H. Rapoport and E. J. Volcheck, J. Amer. Chem. Soc., 1956, '78, 2451), have also been reported. : 

1 Govindachari and Narasimhan, ]., 1953, 2635. : 
* Govindachari, Narasimhan, and Rajadurai, preceding paper. 
* Rapoport, Baldridge, and Volcheck, J. Amer. Chem. Soc., 1953, 75, 5290. 
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Preliminary experiments with 2-picoline and 5-hydroxy-2-picoline demonstrated the 
feasibility of the scheme and also established that hydroxymethylation proceeded in the 
a-position relative to the 6-hydroxy-group. 

Condensation of 5-methoxy-2-picoline (I) with 5-chloropentyl acetate in the presence 
of potassium amide in liquid ammonia yielded 2-6’-acetoxyhexyl-5-methoxypyridine. 
Hydrolysis and treatment with thionyl chloride gave 2-6’-chlorohexyl-5-methoxypyridine, 
which with sodiomalonic ester yielded 2-(7 : 7-diethoxycarbonylheptyl)-5-methoxypyridine 
(II). The last compound was hydrolysed by boiling hydrobromic acid, demethylated, and 
decarboxylated yielding 2-7’-carboxyheptyl-5-hydroxypyridine (III). Treatment of this 
with formaldehyde in alkaline solution yielded 2-7’-carboxyheptyl-5-hydroxy-6-hydroxy- 
methylpyridine, whose ethyl ester on treatment with thionyl chloride followed by reduction 
in alcoholic solution afforded a mixture of stereoisomers, dehydrogenated in p-cymene 
solution with palladised charcoal catalyst to ethyl carpyrinate (IV), identical with a sample 
obtained by dehydrogenation of ethyl carpamate. 


EXPERIMENTAL 


2-6’-Acetoxyhexylpyridine.—2-Picoline (4-7 g.) was added to a vigorously stirred solution 
of sodium amide in liquid ammonia (from 1-8 g. of sodium, 200 mg. of ferric chloride, and 100 
ml. of liquid ammonia). The mixture was stirred for 5 min. and then 5-chloropentyl acetate 
(8-2 g.) was added as rapidly as possible with continued stirring. Next morning the mixture 
was decomposed with water and extracted with ether. The ether extract was shaken with 
n-hydrochloric acid, and the acid extract cooled and made alkaline with sodium carbonate, and 
the mixture repeatedly extracted with ether. The combined ether extracts were dried (Na,SO,) 
and solvent was removed; distillation gave 2-picoline (2 g.) and then 2-6’-acetoxyhexylpyridine 
(3-3 g.), b. p. 138°/1 mm. (Found: C, 70-5; H, 8-4. C,,;H,,0,N requires C, 70-6; H, 8-6%). 

2-6’-Bromohexylpyridine.—A mixture of the acetate (3 g.), hydrobromic acid (60%, 25 ml.), 
and glacial acetic acid (80 ml.) was heated on a water-bath for 6hr. It was then evaporated to 
dryness in vacuo; the crude hydrobromide would not crystallise. However, it readily gave 
a picrate, m. p. 155—159° (from alcohol) (Found: C, 43-0; H, 4:2. C,,H,,NBr,C,H,0,N,; 
requires C, 43-3; H, 4-0%). 

A solution of hydrobromide in water (10 ml.) was covered with ether (150 ml.), and concen- 
trated potassium hydroxide solution added with shaking. The ether layer was then dried 
(Na,SO,), and the solvent removed in vacuo. The residual free base was dried thoroughly over 
sulphuric acid in vacuo. 

2-(7 : 7-Diethoxycarbonylheptyl)pyridine.—To a solution of sodium ethoxide in ethyl alcohol 
(from 110 mg. of sodium and 20 ml. of alcohol) was added diethylmalonate (750 mg.) with stirring. 
After 4 hr. a solution of the bromohexylpyridine (1-5 g.) in alcohol (10 ml.) was added followed 
by powdered potassium iodide (500 mg.). The stirred mixture was heated on a water-bath for 
6 hr., the alcohol was then removed, and water added. The mixture was repeatedly extracted 
with ether. The combined ether extracts were shaken with n-hydrochloric acid, the acid 
extracts made alkaline with sodium carbonate, and the base taken up in ether. Removal of 
solvent from the dried (Na,SO,) extract and distillation furnished 2-(7 : 7-diethoxycarbonylheptyl)- 
pyridine (1-5 g.), b. p. 158—160°/0-5 mm. (Found: C, 67-0; H, 8-0. C,gsH,;O,N requires 
C, 67-3; H, 8-4%). 

5-H ydroxy-6-hydroxymethyl-2-picoline—A solution of 5-hydroxy-2-picoline (1-09 g.) in 
aqueous sodium hydroxide (10%; 4-7 ml.) was treated with formalin (36%; 2-1 ml.). The 
mixture was heated on a water-bath for 2 hr. and was then cooled, acidified with 4N-acetic acid, 
and evaporated to dryness im vacuo. The residue was treated with sodium hydrogen carbonate 
solution and extracted with ether containing a little alcohol. Removal of ether from the dried 
(Na,SO,) extract furnished 5-hydroxy-6-hydroxymethyl-2-picoline (750 mg.), m. p. 153° (from 
acetone) (Found: C, 60-1; H, 7-0. C,H,O,N requires C, 60-4; H, 7-1%). 

6-Chloromethyl-5-hydroxy-2-picoline—A cold solution of the hydroxymethyl compound 
(500 mg.) in chloroform (10 ml.) was treated with thionyl chloride (0-33 ml.). Next day it 
was evaporated to dryness in vacuo and the residue washed well with ether. On crystallisation 
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from alcohol-ether 6-chloromethyl-5-hydroxy-2-picoline hydrochloride, darkening at 205°, was 
obtained (Found: C, 53-0; H, 5-2. C,;H,ONC), requires C, 53-3; H, 5-1%). 

3-Hydroxy-2 : 6-lutidine —A solution of the hydrochloride (500 mg.) in alcohol (20 ml.) was 
shaken with Adams's catalyst (200 mg.) in a hydrogen atmosphere at 60 lb./sq. in. pressure 
for 6 hr. The solution was filtered and the filtrate on evaporation gave a white hydrochloride 
from which, however, no sharp-melting material could be isolated. 

The hydrochloride was treated with sodium hydrogen carbonate solution and extracted with 
ether containing alcohol. The dried ether extract on removal of solvent gave an oil (500 mg.) 
which, on dehydrogenation by Govindachari and Narasimhan’s method,’ yielded a solid (300 
mg.), m. p. 209° [from light petroleum (b. p. 40—60°)]. It did not depress the m. p, of an 
authentic sample of 3-hydroxy-2 : 6-lutidine. 

2-6’-Acetoxyhexyl-5-methoxypyridine.—This was prepared as described above for 2-6’- 
acetoxyhexylpyridine, except that potassium amide was used instead of sodium amide. From 
9-5 g. of 5-methoxy-2-picoline and 12-8 g. of 5-chloropentyl acetate 4 g. of 2-6’-acetoxyhexyl-5- 
methoxypyridine, b. p. 162°/1 mm. (Found: C, 67-1; H, 8-8. C,,H,,O,;N requires C, 66-9; 
H, 8-4%), were obtained. 

2-6’-Hydroxyhexyl-5-methoxypyridine—The acetate was not hydrolysed by alcoholic 
potassium hydroxide. However, the removal of the acetyl group was effected by lithium 
aluminium hydride. The acetate (4 g.) in ether (20 ml.) was added gradually to a stirred 
suspension of lithium aluminium hydride (2 g.) in ether (50 ml.). After 12 hr. water was added 
and the mixture extracted with ether. Removal of solvent from the dried (Na,SO,) extract 
and distillation gave 2-6’-hydroxyhexyl-5-methoxypyridine (3-5 g.), b. p. 152°/0-5 mm. (Found : 
C, 68-4; H, 9-1. C,,H,,0,N requires C, 68-9; H, 9-1%). 

2-6’-Chlorohexyl-5-methoxypyridine.—A cold solution of the hydroxyhexylpyridine (1 g.) 
in chloroform (10 ml.) was treated with thionyl chloride (0-4 ml.). Working up of the reaction 
mixture as for chlorocarpamol,? gave 2-6’-chlorohexyl-5-methoxypyridine (940 mg.), b. p. 124°/0-5 
mm. (Found : C, 63-2; H, 8-3. Cj ,.H,gONCI requires C, 63-3; H, 7-9%). 

2-(7 : 7-Diethoxycarbonylheptyl)-5-methoxypyridine.—This was prepared as described for 2-(7:7- 
dicarbethoxyheptyl)pyridine. From 5-2 g. of the chloro-compound 5g. of 2-(7: 7-diethoxycarbonyl- 
heptyl)-5-methoxypyridine, b. p. 204°/1-5 mm. (Found: C, 64:6; H, 8-2. CygH.O,N requires 
C, 64-9; H, 8-3%), were obtained. 

2-7’-Carboxyheptyl-5-hydroxypyridine.—The diester (1-8 g.) was refluxed with hydrobromic 
acid (60%; 30 ml.) for 45 hr. The mixture was then evaporated to dryness. The crude 
2-7’-carboxyheptyl-5-hydroxypyridine hydrobromide could not be crystallised nor would it 
give any crystalline derivative. 

2-7’-Ethoxycarbonylheptyl-5-hydroxy-6-hydroxymethylpyridine.—The crude hydrobromide was 
dissolved in water (4 ml.) containing sodium hydroxide (620 mg.). Formalin (35%; 1 ml.) was 
added and the mixture heated on a water-bath for 2—3 hr. The mixture was then evaporated 
to dryness in vacuo, and the residue acidified with n-hydrochloric acid (to Congo-red) and again 
evaporated to dryness in vacuo. ‘The residue was extracted with alcohol, and the alcoholic 
extract esterified by Fischer’s method. After removal of alcohol, the residue was dissolved in 
water (10 ml.), and extracted with ether. It was then basified with solid sodium carbonate 
and extracted thoroughly with ether containing a little alcohol. The dried (Na,SO,) ether 
extract, after removal of solvent, gave the crude 2-7’-ethoxycarbonylheptyl-5-hydroxy- 
6-hydroxymethylpyridine. The picrate had m. p. 115° (from alcohol) (Found: C, 50-7; 
H, 5-2. Cy.H,,0,,N, requires C, 50-4; H, 5-3%). 

2-7’-Ethoxycarbonylheptyl-6-chloromethyl-5-hydroxypyridine.—A cooled solution of the crude 
hydroxymethyl-compound (500 mg.) in chloroform (10 ml.) was treated with thionyl chloride 
(1 ml.) and set aside overnight. The chloroform was then removed in vacuo, more chloroform 
was added, and the mixture again evaporated todrynessinvacuo. The residual crude 2-7’-ethoxy- 
carbonylheptyl-6-chloromethyl-5-hydroxypyridine hydrochloride (500 mg.) was hygroscopic 
and did not yield any crystalline derivative. 

Ethyl Carpyrinate—-A solution of the chloromethyl hydrochloride (500 mg.) in alcohol 
(20 ml.) was shaken with Adams’s catalyst (200 mg.) in an atmosphere of hydrogen at 60 Ib./sq. 
in. pressure for 6 hr. The alcohol was then removed and the residue basified with saturated 
sodium hydrogen carbonate solution. It was then repeatedly extracted with benzene. The 
benzene extract was dried (Na,SO,) ; removal of solvent gave an oil (250 mg.). This on dehydro- 
genation by Govindachari and Narasimhan’s method? and crystallisation from ether gave 
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material, m. p. 78—80°, which did not depress the m. p. of an authentic sample of ethyl 
carpyrinate (Found: C, 68-7; H, 8-8; N, 4:7. Calc. for C,,H,,O,N: C, 68-8; H, 9-0; 
N, 5-0%). 





We thank Mr. Selvavinayagam for the microanalyses, and the Government of India for a 
National Research Post-doctoral Fellowship (to N.S. N.) and a Research Scholarship (to S. R.). 


PRESIDENCY COLLEGE, Mapras-5, INpDIA. (Received, September 24th, 1956.) 





114. An Investigation of the Gibbs Reaction and iis Bearing on 
the Constitution of Jacareubin. 


By F. E. Kine, T. J. Kine, and L. C. MANnINc. 


Experiments on the action of 2: 6-dichlorobenzoquinone chloroimide on 
a variety of phenols have shown that the appearance of a colour (Gibbs 
reaction) does not invariably indicate the formation of an indophenol. ‘The 
presence of this chromophore, which is diagnostic of unsubstituted CH para 
to a phenolic group, can be demonstrated by its characteristic absorption 
in the 500—700 my region. Since indophenol formation can thus be estab- 
lished in the case of 5 : 6-dimethyljacareubin, it is possible to decide between 
the alternatives (I; R = H) and (II; R =H) suggested for jacareubin in 
favour of the linear formulation (I; R =H). 


. 


TuE formation of indophenols from 2 : 6-dichlorobenzoquinone chloroimide (Gibbs reagent) 
has been developed into a sensitive colour reaction which has been widely used for the 
detection of unsubstituted CH para to aphenolic group.+** The test is best performed ina 
: borate buffer of pH 9-24 and, if positive, results in a blue colour which Gibbs has shown 
4 may be quantitatively estimated by observing the light absorption at 610 my. Difficulties 
. occur in applying the reaction to sparingly soluble and weakly acidic compounds, which do 
™ not dissolve in the borate buffer or in the alternative aqueous sodium hydrogen carbonate 
e recently recommended by Schmid and Burger,? so ethanol has been added to the buffer to 
t increase its solvent properties.* With very weak phenols, which only slowly combine 
with the reagent, direct visual interpretation of the result is confused by the gradual 
Ss discoloration of the reagent at the required pH, and this complication is particularly marked 
S when the condensation product imparts a less intense green-blue colour to the test solution. 
d The ambiguities of the Gibbs reaction were apparent during its use in investigations 
~ of jacareubin, a deep yellow constituent of the heartwood of Calophyllum brasiliense.‘ 
“ It has been shown that the pigment is a trihydroxypyranoxanthone, but the evidence 
a derived from ee get a - differentiate between the linear (I; R = H) and the 
= angular siructure (II; = Since di-O-methyljacareubin has structure (I or II; 
y- 
ys 
Qa 
m 
y- 
iC (II) (11) 
ol R = Me), it should be possible to settle the constitution by means of the Gibbs reaction. 
= However, when carried out as hitherto described, the test proved indecisive owing to the 
he 1 Gibbs, J. Biol. Chem., 1927, 72, 649. 
"0- ® Schmid and Burger, Helv. Chim. Acta, 1952, 35, 932. 
* Davidson, Keane, and Nolan, Sci. Proc. Roy. Dublin Soc., 1943, 28, 143. 
ve \ * King, King, and Manning, J., 1953, 3932. 
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sparing solubility of the ether. By experiments with a number of phenols it was shown 
that addition of the reagent in borate buffer to a dilute solution of a suitable phenol in 
pyridine gives a blue or blue-green colour within 10 seconds. With pyridine alone a muddy 
green solution was obtained in approximately 2 minutes. Di-O-methyljacareubin in 
pyridine rapidly gave a blue-green colour, thereby indicating the linear constitution (I) for 
jacareubin and its derivatives. 

In order to establish the validity of this result 26 phv.iols of various types were 
submitted to the test under the new conditions; tri-O-methyljacareubin was included and 
gave the expected negative result. Colour reactions were obtained without exception 
from phenols unsubstituted in the para-position; in addition it has been shown that the 
reaction is not inhibited by p-halogen and f-carboxy] substituents, confirming observations 
by Davidson, Keane, and Nolan.* On the other hand, pterostilbene ® (III) and 4: 4’-di- 
hydroxychalkone, though fully substituted in the para-position, also gave positive reactions. 
In view of this unexpected result, the colour reactions of all the compounds under investig- 
ation were submitted to examination in a spectrophotometer. 

The spectrum of the simple dichloroindophenol has been determined by Gibbs,! and 
by Merrill, Spencer, and Getty,® who gave Amax, 605 my. The presence of substituents, 
particularly if unsaturated, has a marked effect on the absorption of the derived indophenol 
in the 600 my region, but for the monohydric phenols investigated by us the maxima lie 
between 590 my (o-cresol) and 665 my (tetra-O-methylquercetin). The products from 
two of the three dihydric phenols, however, have absorption maxima slightly outside this 
range. The nature of the phenol also noticeably influences the rate of formation and 
stability of the indophenol, as measured spectrophotometrically. Thus, with phenol, 
maximum absorption was observed in 2 hours, and decomposition was negligible during 
24 hours, whereas with di-O-methyljacareubin maximum absorption was reached in 30 
minutes, the intensity falling after a further 60 minutes to approximately 70% of the 
maximum value. In the case of dihydrodi-O-methyljacareubin the absorption band, 
which had attained a maximum value within 6 minutes, had disappeared after a further 
hour. Moreover, slight changes (up to 15 mz) of Amax, with time were also observed, but 
in spite of these variations every compound unsubstituted in the position para to the 
phenolic hydroxyl group gave within 20 minutes a coloured product exhibiting (cf. Table 1) 
the typical indophe::ol absorption band. The coloured solutions obtained from pterostil- 
bene and 4: 4’-dihydroxychalkone, on the other hand, have no absorption peak in the 
500—700 my region; they are therefore included in Table 2 with other phenols having 
no free activated para-position and not giving a colour reaction with the Gibbs reagent. 

On the assumption of complete reaction at maximum absorption, extinction coefficients 
for some of the phenols are included in Table 1. It is to be expected that values will vary 


TABLE 1. Wavelengths (mu) and intensities (in parentheses). 


Phenol, 605 (10,450) p-Hydroxybenzoic acid, 610 
1-Hydroxy-3 : 5: 6-trimethoxyxanthone, 655 (10,000) Methyl salicylate, 635 
Di-O-methyljacareubin, 650 (11,000) Methyl 5-bromosalicylate, 635 
Dihydrodi-O-methyljacareubin, 650 (10,500) p-Chlorophenol, 605 

3:7: 3’: 4’-Tetra-O-methylquercetin, 665 (11,750) o-Chlorophenol, 625 
5-Hydroxy-3 : 7 : 3’: 4’ : 5’-pentamethoxyflavone, 650 o-Cresol, 590 

5-Hydroxy-7 : 4’-dimethoxyisoflavone, 630 Orcinol, 665 

2-Hydroxy-w : 4: 6-trimethoxyacetophenone, 655 Resorcinol, 575 

Vanillic acid, 610 Catechol, 675 


with pH, and this is demonstrated by the figure for indophenol (10,450) determined at 
pH 9-2 approx. (borate buffer) and for the pure sodium salt (18,000). However, as they 
have been obtained by a uniform procedure at constant pH (9-2), the extinction coefficients 
given are believed to be strictly comparable and are in satisfactory agreement. For 

5 Spath and Schlager, Ber., 1940, 78, 1, 881; see also King, Cotterill, Godson, and King, J., 1953, 


3693. 
* Merrill, Spencer, and Getty, J. Amer. Chem. Soc., 1948, 70, 2460. 
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unstable indophenols it was found that, after reaction to a maximum value, the observed 
optical density (D) decreased linearly with time, and the values quoted in Table 1 were 
obtained by extrapolation of the descending linear part of the D-time curve to zero, the 
D value so obtained being used in the calculation of «. 
Fie. 1. Fic. 2. 
‘or N 
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A, Di-O-methyljacareubin. A, o-Cresol. 
B, Dihydrodi-O-methyljacareubin. B, p-Cresol. 
C, 1-Hydroxy-3 : 5 : 6-trimethoxyxanthone. C, Pterostilbene. 


D, 3:7: 3’ : 4’-Tetramethylquercetin. D, 7-Hydroxy-5 : 4’-dimethoxyisoflavone. 
E, 5-Hydroxy-7 : 4’-dimethoxyisoflavone. 
F, Methyl salicylate. 

Fig. 1 reproduces the light-absorption curves for those compounds (except phenol) 
examined quantitatively (constructed from data recorded at the moment of maximum 
intensity). Absorption curves typical of those obtained by the qualitative procedure are 
shown in Fig. 2, including those relating to the anomalous phenol pterostilbene and two 
others from Table 2. 


TABLE 2. Compounds giving negative tests. 


7-Hydroxy-5 : 4’-dimethoxyisoflavone Acetovanillone 

4 : 4’-Dihydroxy-3 : 3’-dimethoxystilbene Aesculetin 
Pterostilbene Demethylsuberosin ” 
4: 4’-Dihydroxychalkone p-Cresol 


EXPERIMENTAL 

Determinations were carried out with a Unicam model S.P. 500 spectrophotometer. The 
pyridine used was of ‘“ AnalaR”’ quality and the dichlorobenzoquinone chloroimide was 
crystallised to constant m. p. 

Qualitative Procedure—A small quantity (1—3 mg.) of the liquid or powdered substance to 
be tested was placed in a measuring cylinder (25 ml.) and dissolved in pyridine (1 ml. pipette). 
To the solution was added a freshly prepared solution of Gibbs reagent (5 ml.) in pyridine 
(20—30 mg./15 m!.) from a burette and the mixture was diluted to 20 ml. with sodium borate 
buffer (pH 9-2) and well mixed. The absorption spectrum was determined between 10 and 
20 min. after mixing, a precisely similar solution of the chloroimide in pyridine—borate being 
used in the solvent cell of the spectrophotometer. Any necessary dilution was carried out by 
using the aqueous buffer solution. 

7 King, Housley, and King, J., 1954, 1392. 
U 
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Quantitative Procedure.—This was carried out essentially as above but the test substance 
(approx. 1 mg.) was accurately weighed and the solutions were made in calibrated flasks. The 
time of mixing was noted, and determinations of the position and intensity of the absorption 
maximum were repeated until a steady value was attained or the rate of decrease of intensity 
was approximately constant. 

THE UNIVERSITY, NOTTINGHAM. [Received, September 6th, 1956.) 





115. 2-Mercaptoglyoxalines. Part XI.* The Preparation of Mixed 
1 : 5-Disubstituted 2-Mercaptoglyoxalines and the Corresponding 
T hiazolo(3’ : 2'-1 : 2)glyoxalines. 
By ALEXANDER Lawson and H. V. Morley. 
In confirmation of the reaction mechanism suggested in Part IX? to 
account for the formation of 1 : 5-disubstituted 2-mercaptoglyoxalines (III; 
kt = R’) obtained when a-amino-aldehydes are condensed with thiocyanate 
at pH 4, mixtures of alanine and a-phenylglycine were esterified, reduced, and 
condensed with thiocyanate, giving the 2-mercaptoglyoxalines (III; R + 
R’). These have been cyclised to the thiazologlyoxalines (V). 
In Part IX} we reported the production of 1: 5-disubstituted 2-mercaptoglyoxalines 
(III; R = R’) by the action of thiocyanate at pH 4 on amino-aldehydes obtained by the 
Akabori reduction of certain amino-acids. To account for the production of the amino- 
aldehydes (II; R = R’) we postulated the intermediate formation of Schifi’s bases (I; 
R = R’) followed by deamination. 

Confirmation that the intermediate was not dependent on the Akabori reduction 
procedure was provided by the finding that «-aminopropionaldehyde diethyl acetal, when 
hydrolysed to the aldehyde and condensed with thiocyanate at pH 4, gave 1l-acetonyl-2- 
mercapto-5-methylglyoxaline } as the only isolable product. 


OHC-CHR OHC-CHR HCmEER HC==CR HC==CR 
] ] | 
Ny HN NON N. NH NON 

~ f 

e i a ‘cH, Ye Yer NcH 

' ' i 

H,N-CHR’ OcR’ SH OCR’ SH S——cCR’ 
(I (II) (IIT) (IV) (V) 


If this mechanism is correct it might be possible by treating with thiocyanate a mixture 
of different amino-aldehydes to obtain mercaptoglyoxalines (III) in which the groups 
R =~ R’. Thishas been found for mixtures of alanine with «-phenylglycine or a-p-meth- 
oxy- or a-3 : 4-dimethoxy-phenylglycine. «-Phenylglycine was chosen because its phenyl 
substituent would offer a suitable contrast to the alkyl substituent of alanine and provide 
amino-ketones of potential pharmacological interest. 

The simple mercaptoglyoxalines (IV) from «-phenylglycine, «-p-methoxyphenylglycine, 
and «-3 : 4-dimethoxyphenylglycine were first prepared by the usual reaction with thio- 
cyanate at pH 2 with the aldehydes obtained by reduction of the ethyl esters, then the 
corresponding 1 : 5-disubstituted mercaptoglyoxalines (III; R = R’) were obtained by 
reaction with the thiocyanate at pH 4. Finally mixtures of equimolecular amounts of 
alanine with one of the «-phenylglycines were esterified, reduced, and condensed, the corre- 
sponding disubstituted mercaptoglyoxalines [III; R = Ph or C,H,OMe or C,H,(OMe),, 
R’ = Me) being isolated by fractional crystallisation. 

Attempts to form mixed 1 : 5-disubstituted 2-mercaptoglyoxalines from mixed esters of 
glycine and alanine failed. 

In the case of «-phenylglycine, owing to the precipitation which occurred at pH 4, the 

* Part X, J., 1956, 1103. 
1 Lawson and Morley, J., 1955, 1695. 
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cyclisation with thiocyanate was effected at pH ca. 2-8 which resulted in a mixture of the 
glyoxalines (IV; R = Ph) and.(III; R=R’ =Ph). The latter on benzylation gave 
2-benzylthio-1-phenacy]-5-phenylglyoxaline, m. p. 117°, which was not the same substance 
as Dodson ? obtained (m. p. 142°) by the action of phenacyl bromide on 2-benzylthio-4(5)- 
phenylglyoxaline (or by heating S-benzylisothiuronium chloride with phenacyl bromide). 
Dodson’s provisional assignment of the 2-benzylthio-l-phenacyl-4-phenylglyoxaline 
structure to his compound, on the basis of the analogy with Forsyth and Pyman’s * work 
on the methylation of 4(5)-phenylglyoxaline, is therefore correct. 

With the «-phenylglycine derivatives steam-distillation of the solutions after the 
condensation with thiocyanate gave small quantities of phenacy] alcohols (reduced Fehling’s 
solution, but gave no Schiff’s reaction; product from «-phenylglycine ester gave a 2 : 4-di- 
nitrophenylhydrazone with an absorption maximum‘ at 3780 A). It was isolated from 
the steam-distillate and its formation may be by the sequence : 


*NH,°CHPh-CHO —— *+NH,°CPh:CH-OH —— Ph-CO-CH,°OH + NH,* 


initiated by the relatively high activity of the «-hydrogen atom. 

Whilst the reaction of thiocyanate with a mixture of the amino-aldehydes from 
«-phenylglycine and alanine might be expected to give either isomer (III; R = Ph, R’ = 
Me or vice versa), or a mixture of both, only one product was isolated. This substance was 
assigned the first of the two possible structures since its dinitrophenylhydrazone failed to 
show any high-intensity absorption in the 3800 A region. By analogy, the disubstituted 
glyoxalines obtained from the other «-phenylglycines were assigned the corresponding 
structures. The failure to isolate the isomeric phenacyl ketones suggests that the «-amino- 
phenylacetaldehyde was the component which exclusively provided the amino-group for 
the Schiff’s base condensation. This.would be consistent with the effect of the phenyl 
substituent in weakening the basicity of the amino-group a: . therefore offering a smaller 
proportion of ammonium ion at pH ca. 4 than that provided by the alanine component. 

In a manner similar to that already described, hydrochloric acid cyclised the mercapto- 
glyoxalines (III) to the thiazologlyoxalines (V). 


EXPERIMENTAL 

1-Acetonyl-2-mercapto-5-methylglyoxaline.—a-Aminopropionaldehyde diethyl acetal (2-0 g.) 
was hydrolysed by warm 3n-hydrochloric acid for 15min. The pH of the solution was adjusted 
to 4 and ring closure effected in the usual way by heating with potassium thiocyanate (1-0 g.). 
After treatment with charcoal, 1-acetonyl-2-mercapto-5-methylglyoxaline crystallised (35%), 
having m. p. 181—183°. 

Preparation of «-Methoxyphenylglycines.—The substituted a-phenylglycines were prepared 
from the corresponding aldehydes by the method of Marvel and Noyes.® «-p-Methoxyphenyl- 
glycine (33% yield) had m. p. 235° (sublimes) (Found: C, 59-6; H, 6-0. Calc. for C,H,,0,N : 
C, 59-6; H, 6-1%). a-(3: 4-Dimethoxyphenyl)glycine hydrochloride (yield 20%) had m. p. 229° 
(decomp.) (Found: C, 45:5; H, 5-7. C,9H,,0,N,HCI,H,O requires C, 45-2; H, 6-0%). 

Preparation of 2-Mercaptoglyoxalines from a-Phenylglycine.—x-Phenylglycine (20 g.) was 
esterified and reduced with sodium amalgam (2-5%, 400 g.) as previously described. The 
resulting solution, freed from mercury, was adjusted to pH 2:8, treated with potassium thio- 
cyanate (18 g.), and boiled for 30 min. The solution was distilled at atmospheric pressure until 
solid began to appear and, on storage, a mixture of fine needles and dense prisms crystallised. 
These were separated by hand. The prisms (6-0 g.), 2-mercapto-4(5)-phenylglyoxaline, crystal- 
lised from aqueous ethanol, had m. p. 265—266°. The needles consisting of 2-mercapto-1- 
phenacyl-5-phenylglyoxaline (2 g.), recrystallised from ethanol, had m. p. 216—218° (decomp.) 
(Found: C, 69-3; H, 4-5; N, 9-6. C,,H,,ON,S requires C, 69-4; H, 4-8; N, 95%). Light 
absorption : Amax, 2240, 2670, and 2940 A (e 12,400, 13,400, and 15,700 in EtOH). Heating 
equimolecular amounts of 2-mercapto-1-phenacyl-5-phenylglyoxaline and benzyl chloride in 

Dodson, J. Amer. Chem. Soc., 1948, 70, 2753. 
Forsyth and Pyman, /., 1925, 573. 


3 
* Cf. Braude and Jones, J., 1945, 498. 
5 Cf. Steiger, Org. Synth., 1955, 3, 84. 
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ethanol on the steam-bath followed by evaporation and neutralisation with sodium carbonate 
gave 2-benzylthio-1- ee m. p. 117° (needles from aqueous ethanol) 
(Found: C, 74-6; H, 5-2. C,,H,gON,S requires C, 75-0; H, 5-2%). The distillate (above) 
was extracted with ether, and the residue after removal of the ether gave phenacyl alcohol 
(0-1 g.), plates {from light petroleum (b. p. 60—80°)], m. p. 84—86°. Phenacyl alcohol 2: 4-di- 
nitrophenylhydrazone (red needles from monsene) had m. p. 220—222° (Found: C, 53-0; H, 3-8; 
N, 17-6. C,4H,,0,N, requires C, 53-2; H, 3-8; N, 177%). Light absorption: max, 3780 A 
(c¢ 25,800 in EtOH). 

A mixture of alanine (7-5 g.) and «-phenylglycine (12-7 g.), esterified and reduced in the usual 
manner, was condensed with thiocyanate at pH 4-5. The crystals, which separated after 
filtration, concentration, and cooling of the resulting solution, were extracted with boiling 
benzene, which on evaporation left 1-acetonyl-2-mercapto-5-phenylglyoxaline ; recrystallised from 
ethanol, this had m. p. 201° (pale yellow felted needles; 1-5 g.) (Found: C, 61-8; H, 5-3; N, 
12-4. C,,.H,,ON,S requires C, 62-1; H, 5-2; N, 12-1%). The oxime, prisms goumn ethanol), 
had m. p. 235° (decomp.) (Found: C, 57-9; a 5-1. C,,H,,ON,S requires C, 58-2; H, 5-2%). 
The 2: 4-dinitrophenylhydrazone had m. p. 252° (decomp.) (prisms from toluene) (Found: C, 
51-8; H, 3-9. C,,H,,O,N,S requires C, 52-2; H, 3-9%). Light absorption: Amax, 3580 A 
e 21,300 in EtOH). 

Preparation of 2-Mercaptoglyoxalines from «-p-Methoxyphenylglycine.—a-p-Methoxyphenyl- 
glycine (5 g.), when esterified, reduced and condensed at pH 2-0 with thiocyanate as above, gave 
2-mercapto-4(5)-p-methoxyphenylglyoxaline (3-0 g.), prisms (from ethanol), m. p. 240° (Found : 
C, 58-3; H, 5-0. C, 9H, 9ON,S requires C, 58:3; H, 4-9%). p-Methoxyphenacy] alcohol, m. p. 
103—104°, was isolated from the mother-liquors by ether-extraction. Condensation with 
thiocyanate at pH 4-0 gave 2-mercapto-1-p-methoxyphenacyl-5-p-methoxyphenylglyoxaline, m. p. 
190° (from ethanol) (Found: C, 63-7; H, 4:9. C,gH,,0;N,S requires C, 64-4; H, 5-1%). 
When a mixture of a-p-methoxyphenylglycine (15 g.) and alanine (7-5 g.) was used and the 
thiocyanate condensation effected at pH 4-0, 1-acetonyl-2-mercapto-5-p- gage er 
(2-5 g.), m. p. 248° (decomp.), prisms ftom ethanol, was obtained (Found: C, 59-2; H, 

N, 10-4. C43H,,O,N,S requires C, 59-5; H, 5-3; N, 10-7%). 

Preparation of 2-Mercaptog glyoxalines from a-3: 4- -Dimethoxyphenylglycine, —a-3 : 4-Dimeth- 
oxyphenylglycine, treated as above and condensed with thiocyanate at pH 2, gave 2-mercapto- 
4(5)-(3 : 4-dimethoxyphenyl)glyoxaline (2-5 g.), m. p. >300°, rn from ethanol (Found: C, 
55-9; H, 5-2; N, 11-5. C,,H,,0,N.S requires C, 56-0; H, 5-1; N, 11-9%). Condensation 
with the thiocyanate at pH 4 gave 1-(3: fot ead adi A -(3 : 4-dimethoxyphenyl)-2 
mercaptoglyoxaline, plates (from ethanol), m. p. 206° (Found: C, 60-6; H, 5-1; N, 6-9. 
C,,H,,0;N,S requires C, 60-8; H, 5-3; N, 68%). A mixture of 3: 4-dimethoxyphenylglycine 
(5-0 g.) and alanine (2-5 g.) gave 1-acetonyl-2-mercapto-5-(3 : Pra aS Ph peeney (1-5 g.) 
(from aqueous ethanol), m. p. 224° (Found: C, 57-2; H, 5-7. Cj 4H,,03,N.5 requires C, 57-5; 
H, 5-5%). 


Ring Closure of the 1: 5-Disubstituted 2-Mercaptoglyoxalines.—Ring closure was effected by 
boiling the above 1: 5-disubstituted 2-mercaptoglyoxalines for 1 hr. in concentrated hydro- 
chloric acid. The compounds (see Table) obtained on addition of water were crystallised as the 


hydrochlorides from aqueous ethanol or converted into the free bases and crystallised as such 
from benzene-light petroleum (b. p. 60—80°). Yields were >90%. 


Thiazolo(3’ : 2’-1 : 2)glyoxalines (V). 
ound (%) Required (%) 


R R’ Form & m. p. Formula ¢ Cc H 
Ph Ph Needles, 124° C,;H,,N.S 736 42 739 43 
Ph Me Blades, 181 Ci,H, N.S 67-1 4:8 67-2 4:7 
C,HyOMe Me Needles, 217 C,3H,,0,N.S,HC]H,O * 52-4 5-2 52-2 5-0 
C,.H;(OMe), C,.H;(OMe), Needles, 233 C,,H,,0,N.S,HCl 58-5 5-1 58:3 4-9 
C,H,;(OMe), Me Needles, 230 C,,H,,0,N,S,HC1,H,O 51-4 5-2 = 611 4-9 
C,H,(OMe), Me Prisms, 169—170 C,,H,,0,N,S 61-6 51 61-3 5-1 
* The picrate, plates from ethanol- —— had m. p. 223° (decomp.) (Found: C, 48-5; H, 3-2 
C,gH,,0,N,S requires C, 48-3; H, 3-2% 
We thank Mr. J. O. Stevens for technical assistance. 
RoyaL FREE HospiTaL SCHOOL OF MEDICINE, 
8 HUNTER STREET, Lonpon, W.C.1. (Received, July 31st, 1956.) 
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116. Nycianthic Acid, a Constituent of Nyctanthes arbor-tristis 
Linn. 


By J. H. TuRNBULL, SHYAM KISHORE VASISTHA, W. WILSON, 
and R. WoopGER. 


8-Sitosterol and nyctanthic acid have been isolated from Nyctanthes 
arbor-iristis seeds. Nyctanthic acid, probably C,,H,,0O,, appears to be a 
novel type of tetracyclic triterpenoid acid. 


Tue shrub Nyctanthes arbor-tristis Linn. (Harsinghar, Parijataka) is widely cultivated and 
grows wild throughout India,! and various extracts of the plant have been credited with 
medicinal properties. Several years ago, one of us? investigated the seed oil and identified 
a number of glycerides, together with a sterol, m. p. 130°, [«], —22°, and a substance, 
m. p. 222°, [a], +91°, formulated as C,,H,,O, and named “ nycosterol.” 

We have re-investigated the steroid components. The seed oil, obtained in about 15% 
yield from the dried kernels, slowly deposited crystals of “ nycosterol,’’ and the non- 
saponifiable residue from the remaining oil afforded a sterol having properties in excellent 
agreement with those reported for $-sitosterol. 
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Analysis of “ nycosterol ”’ and its derivatives indicated the probable molecular formula 
CygH4gO2, although close homologues such as CygHy,O, or C3,H;90, cannot be excluded. 
“ Nycosterol ”’ is a carboxylic acid, as it forms an amide and a highly crystalline methyl 
ester, but it is insoluble in alkalis, insoluble salts being formed; the acidic nature of the 
substance is therefore not immediately evident. The substance is accordingly renamed 
nyctanthic acid. The molecular formula C9H,,0, (or C.,H,,0,) of the acid suggests a 
tetracyclic triterpenoid structure with two double bonds; catalytic microhydrogenation 
established the presence of one easily reducible double bond, giving dihydronyctanthic 
acid. There is little change in optical rotation on reduction of the reactive double bond; 
this is a known feature of the tetracyclic triterpenoids.* 5 

Reduction of methyl nyctanthate by lithium aluminium hydride yielded the primary 


1 Hooker, “ The Flora of British India,’’ Reeve, Ashford, 1882, Vol. 3, p. 603; Kurz, “ Forest 
Flora of British Burma,” Govt. Printing Office, Calcutta, 1877, Vol. 2, p. 155; Burkill, ‘‘ A Dictionary 
= ~ a Products of the Malay Peninsula,” Crown Agents for the Colonies, London, 1935, 

fol. 2, p. 1564. 

2 Vasistha, J]. Benares Hindu Univ., 1938, 2, 343; D.Sc. Thesis, Benares, 1940. 

* Josephy and Radt, “ Encyclopedia of Organic Chemistry,”’ Elsevier, Amsterdam, 1940, Vol. 14, 
p. 90; 1954, Suppl. Vol. 14, p. 1808 S. 

* Barton and Jones, J., 1944, 659. 

5 Jones and Woods, /., 1953, 464. 
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alcohol, nyctanthinol. The latter (and therefore nyctanthic acid also) possessed a vinyl- 
idene (>C=CH,) group, as shown by infrared absorption bands at 1634 and 890 cm."?; 
dihydronyctanthinol does not show these bands. Nyctanthic acid rapidly consumed 
1 mol. of bromine, but only 0-3 equiv. of monoperphthalic acid reacted in 16 hr. The 
vinylidene group is most readily accommodated in the side-chain of a tetracyclic triter- 
penoid structure: it has been noted ® that certain steroid side-chain double bonds react 
only slowly with peracids. Although dihydronyctanthic acid did not react with either 
bromine or monoperphthalic acid, a second double bond was believed to be present. 
rhus, dihydronyctanthinol gave a colour with tetranitromethane, the absorption curve 
(Fig.) determined by Heilbronner’s method 7 being consistent with the presence of a tri- 
substituted double bond. The nature of the ultraviolet light absorption near 200 my of 
dihydronyctanthinol suggested the presence of a trisubstituted double bond (cf. Bladon, 
Henbest, and Wood §). Dihydronyctanthinol had a moderately weak infrared absorption 
band at 809—810 cm.-1, further consistent with the presence of a trisubstituted double 
bond. 

Nyctanthic acid gives a resinous adduct with hydrogen chloride and is regenerated 
therefrom by treatment with alkali. The side-chain vinylidene group is doubtless impli- 
cated in these changes (cf. cyclolaudenol *). 

Nyctanthic and dihydronyctanthic acid are substantially unaffected by boiling acetic 
acid containing a little sulphuric acid. It is inferred that cyclopropane rings (cf. cyclo- 
artenol 1%: and cyclolaudenol®) are absent. On the assumption that the acid has a 
conventional type of skeleton (e.g., of the lanostane type), the inert double bond probably 
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occupies the 7:8- or 9:11-position. In the lanostane series 7: 8-double bonds 
resist hydrogenation ™* and, in contrast to the case in the euphol series,!* are not 
appreciably rearranged by mineral acids. Thus Holker e¢ al.!* recovered 3-acetoxy- 
eburic-7-enoic acid unchanged after treatment with mineral acid, while the stable 
A? :8-isomer results from partial rearrangement of lanost-8-enyl acetate (I) by hydrogen 
chloride. 18 9: 11-Double bonds in this type of structure can be hydrogenated with 


® Sewell, Turnbull, and Wilson, J., 1956, 4689. 

? Heilbronner, Helv. Chim. Acta, 1953, 36, 1121. 

® Bladon, Henbest, and Wood, J. 1952, 2737. 

® Bentley, Henry, Irvine, Mukerji, and Spring, J., 1955, 596; Henry, Irvine, and Spring, J., 1955, 
1607. 

10 (a) Barton, J., 1951, 1444; (6b) Bentley, Henry, Irvine, and Spring, J., 1953, 3673. 

11 (a) Cavalla, McGhie, and Pradhan, J., 1951, 3142; (b) Dawson, Halsall, and Swayne, J., 1953, 
590 

12 Holker, Powell, Robertson, Simes, and Wright, J., 1953, 2414. 

13 Barton, Fawcett, and Thomas, J., 1951, 3147. 
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some difficulty, 1° and are stable to acids, although they appear to be easily epoxidised.!” 
Oxidation of nyctanthic acid with chromic acid on a small scale afforded fractions having 
strong ultraviolet absorption bands [Amax, 250 (¢ 6000) and 259 my (e 3500)]; oxidation of 
lanost-7-ene derivatives has yielded #4 7-oxo-A*®®-compounds having absorption bands 
in the same region [Amax, 255 my (e 12,000)}. Triterpenoid acids are generally sterically 
hindered, their esters being hydrolysed only slowly by alkali [e.g., pinicolic acid A (IT)?*). 
However, the esters of polyporenic acid A (III) 27 and dihydropolyporenic acid, like 
methyl nyctanthate, are hydrolysed fairly readily. The carboxyl group of nyctanthic 
acid therefore probably occupies a terminal position in the side-chain. As the side-chain 
also contains a vinylidene group, and the acid is neither «8-unsaturated (absence of ultra- 
violet absorption bands) nor @y-unsaturated [is not decarboxylated at the m. p.; cf. 
polyporenic acid A (III) > +8], only a limited number of side-chain structures are possible. 
The presence of a >>CH’CO,H or CH,°CO,H group was confirmed by converting methyl 
nyctanthate into the corresponding diphenylcarbinol; this was dehydrated to a diphenyl- 
ethylene, which had the expected ultraviolet light absorption. Nyctanthic acid formed a 
cyclohexylammonium salt, which readily lost the amine, for example on gentle heating ; 
this behaviour recalls that of polyporenic acid A.17 An attempted Oppenauer oxidation of 
nyctanthinol yielded no aldehyde. The properties of nyctanthic acid are consistent 
with those of a tetracylic triterpenoid having the partial structure (IV): the absence of a 
hydroxyl group (or oxo group) is remarkable. Experiments are in progress on its con- 
version into the parent hydrocarbon. 


EXPERIMENTAL 

[«]» refer to CHC], solutions at 20° + 2°. Analytical samples were dried at 100°/0-01 
for 3 hr. Solutions in ethanol (‘‘ P.I.. rectified spirit ’’) were used for the ultraviolet light- 
absorption measurements with a Unicam SP. 500 spectrophotometer. Infrared spectra were 
measured by the potassium bromide disc technique. Alumina for chromatography was 
activated by acid treatment,!* and had an activity of II (Brockmann and Schodder *°). 

Isolation of Nyctanthic Acid.—Seed kernels of Nyctanthes arbor-tristis from the Benares 
district were dried, crushed, and extracted with light petroleum (b. p. 40—60°) in a continuous 
extractor for 24 hr. Removal of the solvent gave a pale yellow-brown oil in 12—16% yield. 
After several weeks at 0°, this deposited crystals; one recrystallisation from ethanol gave 
fairly pure nyctanthic acid, as plates, m. p. 222—223°; the further purified product had m. p. 
222-5—223-5°, [a], + 86° [Found: C, 81-8; H, 10-7%; equiv. (by alkali titration in aqueous 
ethanol), 428; M (Rast), 400; M (Zerewitinoff), 450. C,,H,,O, requires C, 81:75; H, 110%; 
M, 441. C,,H,,O, requires C, 81-65; H, 10-85%; M,427]. The yield of acid was 0-07—0-9% 
of the crude oil, and seemed to vary widely with crops harvested in different years. 

8-Sitosterol.—The oil (200 g.) from which nyctanthic acid had been removed was boiled for 
2 hr. with 10% methanolic potassium hydroxide (500 c.c.). Much of the methanol was distilled 
off, water added, and the mixture extracted with ether, to yield a syrup (7-5 g.). This was 
chromatographed on alumina (10 x 2 cm.); benzene—ether (8:1) eluted a solid (0-75 g.), 
m. p. 132—136°. Two crystallisations from ethanol afforded 8-sitosterol, m. p. 139—140°, [«], 

33°; the acetate had m. p. 128—130°, [a], —42° (Found: C, 81-3; H, 11-5. Calc. for 
C,,H;,0,: C, 81-5; H, 11-45%), and the benzoate, m. p. 147°, [a], —8°. 

Properties of Nyctanthic Acid.—The acid did not react with acetic anhydride—pyridine, with 
digitonin solution, or with 2: 4-dinitrophenylhydrazine solution. It was strongly absorbed on 
alumina and could not be eluted with ordinary solvents. Warm aqueous sodium hydroxide 
yielded an insoluble sodium salt, which did not melt below 300° and regenerated nyctanthic 
acid with mineral acids. Nyctanthic acid (105 mg.) in chloroform (100 c.c.) was boiled for 2 hr. 
in a current of dry hydrogen chloride. Removal of the solvent left a glass; this was boiled 

14 McGhie, Pradhan, and Cavalla, J., 1952, 3176. 

15 Voser, Montavon, Gunthard, Jeger, and Ruzicka, Helv. Chim. Acta, 1950, 33, 1893. 

16 Guider, Halsall, and Jones, /., 1954, 4471. 

17 Curtis, Heilbron, Jones, and Woods, J., 1953, 457. 

18 Halsall, Hodges, and Jones, /., 1953, 3019. 


18 Lederer and Lederer, ‘‘ Chromatography,” Elsevier, Amsterdam, 1953, p. 21. 
20 Brockmann and Schodder, Ber., 1941, 74, 73. 
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with 5% methanolic potassium hydroxide; acidification yielded nyctanthic acid (97 mg.), 
m. p. and mixed m. p. 215—219°. The substance (50 mg.) with sulphuric acid (0-1 c.c.) in 
glacial acetic acid (12 c.c.) at 40° for 3 hr. was unchanged (cf. Barton and Overton *%). 
Crystalline salts were obtained from nyctanthic acid and cyclohexylamine or 2-aminoethanol in 
ether; they were unstable and reverted to the free acid when heated below 200°. The cyclo- 
hexylamine salt lost amine in a vacuum-desiccator. The acid (45 mg.) was boiled for 1 hr. 
with thionyl chloride (0-2 g.) in benzene (5 c.c.). The solvent was distilled, the residue 
treated with ammonia in ether, and the product recrystallised from ethanol, to yield nyctanth- 
amide, m. p. 174° with change of crystalline form at 153—158°, [«], +90° (Found: N, 3-55. 
C39H,yON requires N, 3-2%). 

The acid (1-23 g.) was treated with excess of diazomethane in ether. The crude product 
was chromatographed on alumina; elution with light petroleum (b. p. 60—80°) afforded a 
clear glass, which crystallised after considerable manipulation. Recrystallisation from 
methanol-chloroform gave methyl nyctanthate as blades, m. p, 125—126°, [«],) + 86° (Found : 
C, 81-6; H, 10-9. C,,H;,O, requires C, 81-85; H, 11:1%). The ester was hydrolysed 
quantitatively in 10% methanolic potassium hydroxide at 20° during 19 hr. 

Nyctanthinol.—Methy1 nyctanthate (386 mg.) in ether (10 c.c.) was added to lithium alu- 
minium hydride (1 g.) in ether (100.c.c.). The mixture was refluxed for 5 hr., then decomposed 
cautiously with water and washed with dilute sulphuric acid. Evaporation of the ether and 
crystallisation from aqueous methanol yielded nyctanthinol as needles, m. p. 128—129°, [«],, 

+- 105° (Found: C, 84-45; H, 11-8. C,,H;,O requires C, 84-4; H, 11-8%). Acetic anhydride— 
pyridine gave the acetate, needles (from methanol), m. p. 102-5—104°, [a], + 88° (Found: 
C, 81-45; H, 11-2. C,,H;,O, requires C, 82-0; H, 11-2%). 

[reatment of nyctanthinol or dihydronyctanthinol with p-benzoquinine and aluminium 
tert.-butoxide in boiling anhydrous benzene for 12 hr. did not appear to yield aldehydes, as the 
products gave no precipitate with 2 : 4-dinitrophenylhydrazine solution. 

Dihydronyctanthic Acid Hydrogenation of nyctanthic acid (8 mg.) over Adams catalyst 
in acetic acid occurred rapidly. The completed uptake (15 min.) corresponded to the presence 
of one double bond in a molecular weight of 445, 470 (duplicate runs). The reduced product 
was crystallised from methanol, and had m. p. 193—194-5°. In larger scale hydrogenations, 
the product was recrystallised from ethanol, to yield dihydronyctanthic acid as needles, m. p. 
194—196-5°, [x], +77° (Found: C, 81-1; H, 11-45. C3 9H; 9O, requires C, 81-4; H, 114%). 
The methyl ester was obtained, by using diazomethane, only as a colourless glass which could not 
be purified (Found: C, 80-75; H, 10-3. Calc. for C;,H;,0,: C, 81-5; H, 11-45%). 

Dihydronyctanthinol.—Quantitative microhydrogenation of nyctanthinol over Adams 
catalyst in acetic acid established the presence of one reactive double bond in a molecular 
weight of 420, 440, 440, 460 (replicate determinations). Reduction on a larger scale gave 
dihydronyctanthinol as needles (from methanol), m. p. 152-5—153°, [a], +90° (Found: C, 83-7; 
H, 12-1. C3 9H;,O0 requires C, 84-05; H, 12-25%). The acetate had m. p. 117-5—119°, [a], 

71°, but was apparently impure (Found: C, 80-65; H, 11-9. Calc. for C;,H;,0,: C, 81-6; 
H, 11-55%). 

Ultraviolet End-absorption Measurements.—Cholesterol, §-sitosterol, and 38-acetoxyer- 
gosta-7 : 22-diene gave figures almost identical with those reported by Bladon, Henbest, and 
Wood.® Nyctanthinol had ¢ 350 at 220 my, 1700 at 215 my, and 4300 at 210 mu; dihydronyct- 
anthinol had ¢ 300 at 220 mu, 1250 at 215 my, and 2800 at 210 mu. 

Reaction of Methyl Nyctanthate with Phenylmagnesium Bromide.—The ester (210 mg.) in 
ether (10 c.c.) was refluxed for 3 hr. with an excess of ethereal phenylmagnesium bromide. 
The mixture was decomposed with aqueous ammonium chloride, then washed with water, and 
the solvent removed. The product was chromatographed on alumina; the diphenylcarbinol 
was a glass (190 mg.), [a] +51°, Amax, 252 (e¢ 1150) and 258 my .(e 1130) (Found: C, 86-9; 
H, 10-1. C,,H;,0 requires C, 87-1; H, 10-1%). The alcohol (225 mg.) was boiled for 1 hr. 
with pyridine (15 c.c.) and phosphorus oxychloride. Chromatography on alumina and elution 
with light petroleum gave a colourless glass (136 mg.) which had the light-absorption properties 
of a diphenylethylene [Amax, 252 my (log ¢ 4-15)] (Found: C, 89-75; H, 10-15. C,.H5. requires 
C, 89-9; H, 10-1%). Shoppee and Stephenson ?? give Apax, 253 my, log ¢ 4-2, for a steroid 
diphenylethylene. 


21 Barton and Overton, J., 1955, 2639. 
22 Shoppee and Stephenson, /., 1954, 2230. 
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117. A Total Synthesis of (+)-Ferruginol. 
By F. E. Kine, T. J. Kine, and J. G. Top iss. 


A total synthesis of (-)-ferruginol has been accomplished by Bogert—Cook 
ring-closure of a phenethylcyclohexanol derived from 2: 2 : 6-trimethylcyclo- 
hexanone and p-methoxyphenylacetylene. The synthetic and the natural 
compound have been compared as crystalline benzoates, and the infrared 


spectra of the two derivatives found to be indistinguishable. 


FERRUGINOL is a phenolic tricyclic diterpene first isolated from the exudate of the miro 
tree of New Zealand (Podocarpus ferrugineus) by Brandt and Neubauer.! It is a resin 
characterised by a crystalline formate, acetate, and benzoate. From the investigations 
of Brandt and Neubauer ! and of Campbell and Todd ? the constitution (I) emerged, and 
this was verified by partial syntheses of ferruginol from podocarpic acid and dehydro- 
abietic acid. The ¢rans-configuration of the A/c ring junction in ferruginol was demon- 
strated by Barton and Schmeidler * and confirmed by Stork and Burgstahler.® 

Although considerable attention has been given to the synthesis of the related resin 
acids,* there was no record, apart from a preliminary publication,’ of such an investigation 
directed towards ferruginol before the inception of our experiments. The chosen route, 
which was outlined ® in 1954, is similar to that devised in the attempted synthesis of 
dehydroabietic ®* and podocarpic acid,®* and relies on the cyclisation of a suitable 
phenethylceyclohexanol (II). From the recent work of Barnes e¢ al.® it was assumed that 
the methyl group at the potential quaternary position would suppress spiran formation, 
and the use of vigorous conditions should lead to a preponderance of the octahydro- 
phenanthrene with the desired A/c trans-configuration. 

In initial attempts to prepare the intermediate (II; R =H) from 2: 2: 6-trimethyl- 
cyclohexanone and a 4-methoxyphenethylmagnesium bromide the main products were 
2: 2: 6-trimethylcyclohexanol and 4-methoxystyrene, the yield of crude adduct (II; 
R =H) not exceeding 10%. Similar behaviour of highly substituted ketones in the 
Grignard reaction has previously been noted, although 2 : 6-dimethylcyclohexanone 
undergoes addition satisfactorily.‘ Condensation of phenethyl-lithium with 2: 2: 6- 
trimethylcyclohexanone was also unsatisfactory. 

However, 2: 2: 6-trimethyleyclohexanone with sodium acetylide in liquid ammonia 
gives l-ethynyl-2 : 2 : 6-trimethyleyclohexanol in high yield,” and with the Grignard 

1 Brandt and Neubauer, /., 1939, 1031. 

2? Campbell and Todd, J. Amer. Chem. Soc., 1940, 62, 1287. 

3 Idem, ibid., 1942, 64, 829. 

“ Barton and Schmeidler, J., 1948, 1197. 

5 Stork and Burgstahler, /. Amer. Chem. Soc., 1951, 78, 3544. 

* (a) Haworth and Barker, J., 1939, 1299; (b) Haworth and Moore, J., 1946, 633; (c) Bhatta- 
charyya, J. Indian Chem. Soc., 1945, 22, 165; (d) Bachmann and Wick, J. Amer. Chem. Soc., 1950, 72, 
2000; E. C. Horning, M. G. Horning, and Platt, ibid., p. 2731; Saha, Bagchi, and Dutta, Chem. and 
Ind., 1954, 1143; J. Amer. Chem. Soc., 1955, '77, 3408; Parham, Wheeler, and Dodson, J. Amer. Chem. 
Soc., 1955, 77, 1166; Raphael and Parker, J., 1955, 1723. 

? Gibson, Experientia, 1951, 7, 177. 

8 F. E. King, T. J. King, and Topliss, Chem. and Ind., 1954, 108. 

® Barnes et al., J. Amer. Chem. Soc., 1952, 74, 35, 4091; 1953, 75, 303, 3004. 

10 Conant and Blatt, ibid., 1929, §1, 1227. 

11 Sterling and Bogert, J. Org. Chem., 1939, 4, 20; F. E. King and T. J. King, J., 1954, 1373. 

12 Milas, Macdonald, and Black, J. Amer. Chem. Soc., 1948, 70, 1829. 
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reagent from 6-methylocta-3 : 5-dien-7-yn-2-ol affords 8-(1-hydroxy-2 : 2 : 6-trimethyl- 
cyclohexy!)-6-methylocta-3 : 5-dien-7-yn-2-ol.% The reaction of 2: 2: 6-trimethylcyclo- 
hexanone with sodio-p-methoxyphenylacetylene in liquid ammonia was accordingly 
investigated: a 74—75% yield of 1-p-methoxyphenylethynyl-2 : 2: 6-trimethylcyclo- 


hexanol (III) was obtained. 


OH OMe 
CHMe, R 
Me 
OH 
CH, 
Me, CH, 
II 
= OMe 





Ferruginol 
R 
Me Me 


Me, Me, 
(LIT) (IV) 

The triple bond was conveniently and almost quantitatively reduced at a palladium 
catalyst, giving the required intermediate (II; R = H), which was cyclised by phosphoric 
oxide at 150° to a liquid product (70%), shown to be 1: 2:3: 4:9: 10: 11: 12-octahydro- 
6-methoxy-l : 1 : 12-trimethylphenanthrene (IV; R =H) by analysis, perphthalic acid 
titration, and selenium dehydrogenation to 6-methoxy-l-methylphenanthrene. Demethyl- 
ation of the cyclisation product (IV; R = H) gave the corresponding phenol, but neither 
this nor its benzoate could be obtained crystalline, an indication that the intermediate 
(IV; R = H) consisted of both cts- and trans-isomers. 

The next stage, introduction of an acetyl group into the 7-position of the octahydro- 
phenanthrene, was carried out with the mixed isomers in the hope of separating the products 
by means of ketonic derivatives. Entry of the acetyl group at the 7-position was assumed 
from the close analogy afforded by the preparation of methyl 7-acetyl-O-methylpodo- 
carpate from methyl O-methylpodocarpate.? 7-Acetyl-1 :2:3:4:9:10: 11: 12-octa- 
hydro-6-methoxy-1 : 1 : 12-trimethylphenanthrene (IV; R = Ac) was, in fact, obtained 
as a mixture of stereoisomers in 90% yield by using acetyl chloride-aluminium chloride in 
nitrobenzene. The 2:4-dinitrophenylhydrazones were inseparable, but fractional 
crystallisation gave the semicarbazone (23%, based on the ketone mixture) of a single 
stereoisomer (IV; R = Ac). Regeneration of the ketones from the residues followed by 
chromatography on alumina and reconversion into semicarbazones afforded a further 
2% of the homogeneous semicarbazone. No other pure derivative was isolated. The 

fractionally crystallised product was hydrolysed in 90% yield with aqueous-alcoholic 
hydrochloric acid to a single stereoisomer (IV; R = Ac), the over-all yield from (IV; 
R = H) being 20%. 

Reaction of the pure isomer (IV; R = Ac) with methylmagnesium iodide gave the 
tertiary alcohol (IV; R = CMe,°OH), which was dehydrated by acetic anhydride to the 
isopropeny] derivative (IV; R = CMe°CH,) (yield from the 7-acetyl compound, 75—80%). 
This was hydrogenated to 1:2:3:4:9: 10:11: 12-octahydro-6-methoxy-l : 1 : 12- 
trimethyl-7-isopropylphenanthrene (IV; R = Pr’) in 90% yield with Adams catalyst in 
ethanol, then demethylated by prolonged boiling with hydrobromic acid in acetic acid, the 
resulting product (I) (90% yield) being a resin closely resembling natural ferruginol in 


physical properties and ferric reaction. It gave a solid benzoate which was purified by 
chromatography and repeated crystallisation. The solubilities of the synthetic benzoate 


13 Attenburrow, Cameron, Chapman, Evans, Hems, Jansen, and Walker, J., 1952, 1094. 
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and (-+)-ferruginyl benzoate were very similar and certain resemblances in the crystalline 
forms of the two benzoates were observed. The synthetic (+-)-benzoate melted 23° below 
the (+)-benzoate, and a 1: 1-mixture melted between the individual melting points. 
That the synthetic benzoate was, in fact, racemic ferruginyl benzoate and not the diastereo- 
isomer having cis-fusion of rings A and c was proved by identity of the infrared spectra 
(measured in CCl, solution on a single-beam instrument). The pure diastereoisomeric 
semicarbazone from (IV; R = Ac) is therefore the ¢vans-isomer, as also are the ensuing 
intermediates. 

The synthesis of (+)-ferruginol represents the first established synthesis of the racemic 
form of a naturally occurring tricyclic diterpene. 


EXPERIMENTAL 

1-p-Methoxyphenylethynyl-2 : 2 : 6-trimethylcyclohexanol (II1).—To liquid ammonia (250 
c.c.) and ferric nitrate (0-04 g.), cooled in carbon dioxide—methanol, sodium (2-05 g., 1 mol.) 
was added, in portions with stirring, during 10 min. After 40 min. the blue colour had been 
discharged and p-methoxyphenylacetylene #4 (11-6 g., 1 mol.) in ether (10 c.c.) was added 
during 20 min. Stirring was continued for another 4 hr. and then 2: 2: 6-trimethylcyclo- 
hexanone 35 (12-3 g., 1 mol.) in ether (10 c.c.) was added in} hr. After 2 hr. the ammonia was 
allowed to evaporate. The sodio-compound was decomposed with saturated ammonium 
chloride solution (300 c.c.), the product extracted with ether (2 x 100 c.c.), and the ethereal 
solution washed with water, dried (K,CO,), and evaporated. The residue was distilled, giving 
a colourless distillate (17-8 g.), b. p. 149°/0-2 mm., which readily solidified (m. p. 62—63°; 
745%). Recrystallisation from light petroleum (b. p. 60—80°) gave 1-p-methoxyphenyl- 
ethynyl-2 : 2 : 6-trimethylcyclohexanol as prisms, m. p. 71—72° (Found: C, 79-3; H, 8-75. 
C,,H,,O, requires C, 79-4; H, 8-9%). 

1-4’-Methoxyphenethyl-2 : 2 : 6-trimethylcyclohexanol (Il; R = H).—1-p-Methoxyphenyl- 
ethynyl-2 : 2 : 6-trimethylcyclohexanol, m. p. 62—63° (17-3 g.), in ethanol (150 c.c.) was hydro- 
genated at 1—3 atm. and room temperature with 5% palladium hydroxide—calcium carbonate 
(1-5 g.). Reduction was complete in 4 hr. After removal of the catalyst and solvent the 
residue was distilled, 1-4’-methoxyphenethyl-2 : 2: 6-trimethylcyclohexanol (17-0 g., 97%) 
condensing as a viscous oil, b. p. 148°/0-2 mm., n# 1-5294 (Found : C, 78-1; H, 10-0. C,sH,,O, 
requires C, 78-2; H, 10-2%). 

1:2:3:4:9:10: 11: 12-Octahydro-6-methoxy-1: 1: 12-trimethylphenanthrene (IV; 
R = H).—1-4’-Methoxyphenethyl-2 : 2 : 6-trimethylcyclohexanol (5-6 g.) mixed with phos- 
phoric oxide (11 g.) was heated under water-pump vacuum, the temperature being raised from 
20° to 150° during 4 hr. with subsequent heating at 130—150° for 1 hr. The reaction mixtures 
from three such experiments were cautiously decomposed with dilute sodium hydroxide solution, 
and the combined products extracted with ether (3 x 100 c.c.), washed with water, and dried 
(K,CO,). Distillation gave 1:2:3:4:9:10: 11: 12-octahydro-6-methoxy-1: 1: 12-tri- 
methylphenanthrene (11-0 g., 70%), b. p. 122—124°/0-2 mm.; a portion distilled from phos- 
phoric oxide was obtained as a colourless, viscous oil, 7? 1.5478, showing a violet fluorescence 
(Found: C, 83-6; H, 9-6. C,,H,,O requires C, 83-7; H, 10-1%). Titration with perphthalic 
acid indicated the presence of 1% of olefinic material. 

1:2:3:4:9:10: 11: 12-Octahydro-6-methoxy-1 : 1 : 12-trimethylphenanthrene (1 g.) was 
heated with selenium powder at 280—340° for 48 hr. The product, isolated with ether and 
distilled in vacuo, gave a distillate (0-53 g.) from which 6-methoxy-1-methylphenanthrene was 
obtained by crystallisation from methanol, in rods, m. p. 79—80°. Passage in benzene through 
a short alumina column, followed by crystallisation from methanol, raised the m. p. to 84—85°, 
unchanged by further recrystallisation (Sherwood and Short !® give m. p. 87—87-5°). The 
picrate, prepared from methanolic solutions, crystallised from methanol in orange needles, m. p. 
136—137° (Sherwood and Short ?* give m. p. 140—141-5°)._ The mother-liquors from the first 
crystallisation of the phenanthrene also gave some crude picrate (0-10 g.). The total quantity 
of phenanthrene isolated from the reaction was thus ca. 0-25 g. (29%). The yield based on the 
weight of distillate was 47%. 

1:2:3:4:9:10: 11: 12-Octahydro-6-methoxy-1 : 1 : 12-trimethylphenanthrene (0-30 g.) 

14 Manchot, Annalen, 1911, 387, 283. 

18 F, E. King, T. J. King, and Topliss, J., 1957, in the press. 

16 Sherwood and Short, /., 1938, 1006. 
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was refluxed for 74 hr. with 48% hydrobromic acid (1-5 c.c.) in acetic acid (5c.c.). The mixture 
was made alkaline with 2N-sodium carbonate and extracted with ether (2 x 50 c.c.). The 
ethereal solutions were washed with water, dried (K,CO,), and chromatographed on alumina 
(30 g.). Elution with ether removed neutral material and the phenol (0-20 g.) was obtained by 
elution with acetone. The phenol, which did not solidify, was treated with benzoyl chloride 
(0-35 c.c.) in pyridine (1 c.c.), then kept at room temperature for 12 hr., heated on a water-bath 
for 2 hr., and poured into 2n-hydrochloric acid (50 c.c.). Extraction with ether, repeated 
washing, chromatography in light petroleum on alumina, and elution with light petroleum— 
benzene failed to give a crystalline product. 

trans-7-Acetyl-1:2:3:4:9:10: 11: 12-octahydvo-6-methoxy-1: 1: 12-trimethylphenan- 
threne (IV; R =COMe).—To 1:2:3:4:9:10: 11: 12-octahydro-6-methoxy-1 : 1 : 12-tri- 
methylphenanthrene (IV; R =H) (11 g., 1 mol.) and acetyl chloride (6-1 c.c., 2 mols.) in 
nitrobenzene (110 c.c.) at 5°, powdered aluminium chloride (11-6 g., 2 mols.) was added in 
portions during } hr. The mixture was kept at 5° for 95 hr., then hydrolysed with 2N-hydro- 
chloric acid (400 c.c.). The nitrobenzene was removed by steam, and the product taken up in 
ether (3 x 100 c.c.) which was washed with water and dried (K,CO;). The ketone (IV; 
R = COMe) remaining after evaporation of the ether was distilled, being obtained as a stiff, 
yellow gum (11-5 g., 90%), b. p. 192—196°/0-6 mm. 

Treatment of the product with alcoholic 2: 4-dinitrophenylhydrazine sulphate gave a 
mixed 2: 4-dinitrophenylhydrazone which crystallised from ethanol or propan-2-ol as prisms, 
m. p. 102—108° (decomp.), inseparable by crystallisation or partition chromatography (Found : 
C, 65-2; H, 6-7; N, 11-3. Calc. for C,,H,.0;N, : C, 65-0; H, 6-7; N, 11-7%). 

The ketone (11-5 g.) in ethanol (200 c.c.) was treated with semicarbazide hydrochloride 

(13 g., 3 mols.) and sodium acetate trihydrate (26 g.) in water (50 c.c.) and kept at 0° for 36 hr. 
The resulting solid was collected, washed with water, and dried (yield 5-1 g.). The filtrate 
was then concentrated at 5—10° under reduced pressure and the new solid (4-0 g.) also collected. 
Further concentration gave a gum which was dissolved in ethanol, combined with the residue, 
and treated with semicarbazide hydrochloride (6-5 g.) and sodium acetate trihydrate (13 g.) in 
aqueous-ethanolic solution, which after 40 hr. at 0° gave an additional 4-5 g. of crude semi- 
carbazone, the total yield being quantitative. The semicarbazone crystallised from ethanol or 
methanol in prisms and was recrystallised until the product (3 g.) had m. p. 210°, repeated 
recrystallisation giving a maximum m. p. of 215—216°. Final purification was achieved by 
the following procedure. Semicarbazone (1-15 g.), m. p. 207—209°, was digested with boiling 
methanol (ca. 150 c.c.), and the residual solid was then dissolved in a large volume of methanol. 
Concentration and cooling gave a product (0-12 g.) of m. p. 221—222°, which by further 
recrystallisation from methanol yielded trans-7-acetyl-1:2:3:4:9: 10:11: 12-octahydro-6- 
methoxy-1:1:12-trimethylphenanthrene semicarbazone (0-10 g.) as prisms, m. p. 222—223° 
(Found: C, 70-3; H, 8-8; N, 11-7. C,,H3;,O,N; requires C, 70-6; H, 8-7; N, 11-75%). A 
mixture of specimens of m. p. 222—223° and 215—216° had m. p. 215—216°, the figures in 
every case being for slow heating. The combined semicarbazone mother-liqours were concen- 
trated to 200 c.c. and refluxed with 5N-hydrochloric acid (100 c.c.) for 3 hr. After dilution 
with water (1 1.) the ketone was extracted with ether (2 x 250 c.c.), and the ethereal solution 
washed with aqueous sodium carbonate and water, dried (K,CO;), and evaporated. The 
residual gum was chromatographed in benzene (50 c.c.) on alumina (250 g.), and the column 
eluted with benzene followed by benzene-ether. The resulting fractions were treated with 
semicarbazide hydrochloride (14 parts, 4 mols.) and sodium acetate trihydrate (3 parts) in 
aqueous ethanol. After 2 days at 0° and 2 days at room temperature the solids were collected 
and recrystallised from methanol. The semicarbazones isolated from the various fractions 
(total 0-315 g. from 4-48 g. of ketone) were identical with the semicarbazone previously isolated 
(mixed m. p.). In all, 3-415 g. of trans-7-acetyl-1:2:3:4:9:10: 11: 12-octahydro-6- 
methoxy-1 : 1 : 12-trimethylphenanthrene semicarbazone, m. p. 210°, were obtained, i.e., 25% 
based on the compound (IV; R COMe) or 22-5% on (IV; R = H). 

Semicarbazone, m. p. ca. 210° (1-49 g.), was refluxed with 2N-hydrochloric acid (25 c.c.) and 
ethanol (25 c.c.) for 1}hr. After dilution with water, the ketone was collected in ether (2 x 75 
c.c.), and the ethereal solution washed with water, dried (K,CO,), and evaporated. Distillation 
of the residue gave the ketone (1-12 g., 90%) as a colourless gum, b. p. ca. 160—170° 
(air-bath)/0-1 mm.; regeneration from a sample of semicarbazone, m. p. 222—223°, gave pure 
trans - 7-acetyl-1:2:3:4:9:10: 11: 12-octahydro-6-methoxy -1: 1: 12-trimethylphenanthrene 
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(Found: C, 80-0; H, 9-4. C, 9H..,0, requires C, 80-0; H, 9-4%). The over-all yield of 
moderately pure tvans-ketone from (IV; R = H) was 20%. 

trans-1:2:3:4:9: 10: 11 : 12-Octahydro-6-methoxy-1 : 1 : 12-trimethyl-7-isopropenyl- 
phenanthrene (IV; R = CMe:CH,).—trans-7-Acetyl-1:2:3:4:9: 10:11: 12-octahydro-6- 
methoxy-1 : 1 : 12-trimethylphenanthrene (1-12 g.) (regenerated from semicarbazone, m. p. ca. 
210°), in dry ether (40 c.c.), was added in portions during 25 min. to a stirred solution prepared 
from methy] iodide (2 c.c.), magnesium turnings (0-77 g.), and dry ether (50 c.c.). The mixture 
was refluxed for 1 hr. and the complex then decomposed with 2n-hydrochloric acid (100 c.c.). 
The aqueous layer was separated and extracted with ether (75 c.c.), and the combined ethereal 
solutions were washed with aqueous sodium thiosulphate and water, dried (K,CO,), and 
evaporated. The residue was refluxed in acetic anhydride (12 c.c.) for 1 hr., and the excess of 
anhydride destroyed with 2N-sodium hydroxide. The product was isolated with ether and on 
distillation gave colourless trans-1 : 2:3:4:9:10: 11: 12-octahydro-6-methoxy-1 : 1: 12-trimethyl- 
7-isopropenylphenanthrene (0-84 g., 76%), b. p. 120—130° (air-bath)/0-05 mm. (Found: 
C, 83-9; H, 10-3. C,,H 3,0 requires C, 84:5; H, 10-1%). 

trans-1:2:3:4:9:10: 11: 12-Octahydro-6-methoxy-1 : 1 : 12-trimethyl-7 -isopropylphenan- 
threne [(+)-Ferruginyl Methyl Ether] (IV; R = CHMe,).—trams-1:2:3:4:9:10: 11: 12- 
Octahydro-6-methoxy-1 : 1 : 12-trimethyl-7-isopropenylphenanthrene (0-74 g.) in ethanol 
(15 c.c.) was hydrogenated in the presence of Adams catalyst (0-30 g.) at room temperature ; 
the calculated uptake was complete in } hr. The filtered solution was evaporated and the 
residue distilled, (+)-ferruginyl methyl ether (0-65 g., 88%) collecting as a colourless gum, b. p. 
120—130° (air-bath)/0-05 mm. (Found: C, 83-6; H, 10-5. C,,H 3,0 requires C, 83-9; H, 
10:7%). The tsopropenyl compound in ethanol was unaffected by hydrogen and 5% palladium 
hydroxid2—calcium carbonate. 

trans-1:2:3:4:9:10: 11: 12-Octahydro-6-hydvoxy-1: 1: 12-trimethyl-7-isopropylphenan- 
threne [(+)-Ferruginol] (I).—(+)-Ferruginyl methyl ether (0-55 g.) was refluxed with 48% 
hydrobromic acid (2 c.c.) in glacial acetic acid (8 c.c.) for 9 hr. The spent acids were removed 
under reduced pressure and the residue was refluxed with fresh 48% hydrobromic acid (1 c.c.) 
and glacial acetic acid (8 c.c.) for a further 5 hr. and then poured into excess of 2N-sodium 
carbonate. The product, extracted with ether (2 x 75 c.c.) and washed in the usual way, was 
a greenish-black resin. The pale yellow (+)-ferruginol (0-47 g., 90%) obtained by distillation, 
b. p. 130—140° (air-bath) /0-07 mm., gave a yellowish-green colour with alcoholic ferric chloride ; 
even by redistillation it could not be obtained analytically pure. The pure product was 
obtained by hydrolysis of the benzoate (Found, in a distilled specimen: C, 83-8; H, 10-7. 
Cy 9H 3,0 requires C, 83-8; H, 10-6%). 

tvans-1:2:3:4:9:10: 11: 12-Octahydro-6-hydroxy-1: 1: 12-trimethyl-7-isopropylphenan - 
threne Benzoate [(+)-Ferruginyl Benzoate].—(+)-Ferruginol (0-37 g.) was dissolved in pyridine (2 
c.c.), and benzoyl chloride (0-25 c.c.) added with cooling. The mixture was left at room temper- 
ature for 12 hr. and then heated for 2 hr. on a steam-bath. 2n-Hydrochloric acid (50 c.c.) was 
added and the benzoate extracted with ether (2 x 75 c.c.). The washed (hydrochloric acid, 
aqueous sodium carbonate, and water) and dried (Na,SO,) ethereal solution was evaporated, 
and the residual gum was chromatographed in light petroleum (25 c.c.) on alumina (50 g.). 
The column was eluted with 25 c.c. portions of light petroleum—benzene (1:1), giving the 
following fractions: (a) 0-065 g., (b) 0-190 g., and (c) 0-080 g. Each was a nearly colourless 
resin which solidified on trituration with light petroleum or on long standing. Crystallisation 
of the combined fractions from methanol gave (-+-)-ferruginyl benzoate (0-20 g., 40%) as colour- 
less prisms, m. p. 114—117°; recrystallisation from methanol followed by repeated crystal- 
lisation from ethanol raised the m. p. to 130—130-5° (Found: C, 83-3; H, 8-7. (C,,H 3,0, 
requires C, 83-1; H, 88%). This benzoate (1 part), m. p. 130—130-5, mixed with (+-)-ferru- 
ginyl benzoate (1 part), m. p. 153—154-4°, had m. p. 137—146° softening at 130—137°. 


The infrared spectra were determined, through the kindness of Dr. M. A. T. Rogers, by 
Mr. M. St.C. Flett, Imperial Chemical Industries Limited, to whom we are indebted for this 
assistance. We thank Dr. B. A. Hems, Glaxo Laboratories Ltd., for a generous gift of 2 : 2 : 6- 
trimethylcyclohexanone, Dr. L. G. Neubauer, Wellington, New Zealand, for a sample of (+-)- 
ferruginyl benzoate, and the Department of Scientific and Industrial Research for the award 
(to J. G. T.) of a Maintenance Grant. 
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118. Synthesis of Cyclic Hydrocarbons. Part I. 0-Dialkyl- 
benzenes. 
By B. B. Ersner, H. E. Strauss, and E. J. ForBEs. 


o-Diethyl-, o-ethylpropyl-, and o-ethylisopropyl-benzene have been syn- 
thesised by unambiguous methods from readily available starting materials. 


Tue synthesis of pure hydrocarbons and the measurement of their physical constants, 
including spectrographic data, have in recent years become increasingly important for, 
inter alia, (a) analytical purposes, () the establishment of empirical relations between the 
physical properties and the structure of groups of compounds, and (c) the elucidation of 
the constitution of petroleum. In view of the paucity of reliable data, the synthesis 
of a series of o-dialkylbenzenes was undertaken. New synthetic methods have been 
investigated, which employ unambiguous routes. 

Amongst the many hydrocarbons synthesised in this laboratory during the war was 
o-diethylbenzene.!_ Two preparations had been recorded previously; one,” using a 
Wurtz-Fittig reaction, gave a yield of less than 10%, and the second started from 
o-phenylenedipropionic acid, a compound which is not readily available. Birch et al.* 
later synthesised o-diethyl-, o-methylpropyl-, and o-methylisopropyl-benzene in quantities 
of 1-5—2 1., by methods such that nearly all the intermediates used could be thoroughly 
purified. Other workers*5® used the Wurtz-—Fittig reaction, or starting material 
obtained by separating mixtures of isomers, or methods leading only to symmetrical 
o-dialkylbenzenes. 

In this paper two methods for the preparation of o-diethylbenzene are described, one 
from isoquinoline (convenient for preparation of small quantities) and the second from 
phthalic anhydride, neither requiring fractional separation of positional isomers. 

isoQuinoline was converted into 1: 2:3: 4-tetrahydro-l : 2-dimethylésoquinoline.’ 
The methiodide of the latter could not be reduced with hydrogen and Adams catalyst in 
aqueous-alcoholic sodium acetate, though with the methiodide of 1 : 2 : 3 : 4-tetrahydro-2- 
methylisoquinoline this reaction gives smoothly 2-methylphenethylamine as the sole 
product.§ The failure here is probably due to steric hindrance, since models show that 
the C- and N-methyl groups together effect considerable shielding of the 1 : 2 carbon- 
nitrogen bond. 

On Hofmann degradation 1 : 2 : 3 : 4-tetrahydro-1 : 2-dimethylisoquinoline methiodide 
underwent ring fission smoothly and in good yield to give apparently a single substance, 
which probably has the structure (I), as in the reaction of the 1-benzyl analogue,’ rather 


ie 


NMe, NMe, 
(I) i (II) 


than the isomeric structure (II). On catalytic hydrogenation followed by Hofmann 
degradation the product gave o-ethylstyrene—this structure being independent of the 
nature (I) or (II) of the base—and immediate further hydrogenation gave o-diethyl- 
benzene. 

The second method, starting from phthalic anhydride, is outlined in the annexed 
scheme. Complete reduction of the carbonyl group of o-acetylbenzoic acid was 


E. J. Forbes, Thesis, Oxford, 1946. 

Voswinkel, Ber., 1888, 21, 3499; Bestian and Fries, Ber., 1936, 69, 715. 
Birch, Dean, Fidler, and Lowry, J. Amer. Chem. Soc., 1949, 71, 1362. 
Deluchat, Ann. Chim., 1934, 1, 181. 

Karabinos, Serijan, and Gibbons, J. Amer. Chem. Soc., 1946, 68, 2107. 
Nickels and Heintzelmann, J]. Org. Chem., 1950, 15, 1142. 

Freud and Bode, Ber., 1909, 42, 1746. 

Emde and Kull, Arch. Pharm., 1936, 274, 183. 
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difficult. The only successful method (which gave o-ethylbenzoic acid in 90% yield) 
was catalytic hydrogenation of aqueous sodium o-acetylbenzoate at 250°/120—150 atm. in 
presence of a copper-chromium oxide catalyst. Temperature control was important : at 
200—220° reduction was incomplete and at 280—290° a large proportion of resin was 
formed. 
CO. COR CH,R 
o-C,H, O —» C,H, —» C,H, —_—_ 
co \CO,H \CO,H 
CHR CH,R CHR 
C,H, ngs Ci ‘ 


eH, —> C,H, 
‘COCI SCOR’ NCH,R’ 

o-Propylbenzoic acid was prepared similarly from o-propionylbenzoic acid. 

By the interaction of o-ethylbenzoyl chloride with a large excess of dimethylcadmium 
in benzene,” 0-ethylacetophenone was obtained in 70% yield; o-propylacetophenone was 
obtained in 49% yield by the same method. Hydrogenation of o-ethylacetophenone at 230° 
under high pressure, with copper-chromium oxide catalyst, afforded a hydrocarbon contain- 
ing a small proportion of diethylcyclohexane. However, by Huang-Minlon’s method 1° both 
o-ethyl- and o-propyl-acetophenone were so readily reduced that the reaction proceeded 
below the temperature indicated by that author. When the excess of hydrazine hydrate 
was distilled from the reaction mixture, most of the hydrocarbon also distilled. Yields 
of over 80% were obtained. 

o-Ethylisopropylbenzene.—o-isoPropylbenzoic acid, an intermediate in the synthesis of 
o-ethylisopropylbenzene, was prepared from diethyl phthalate, treatment of an ice-cold 
ethereal solution of which with ethereal methylmagnesium chloride (2 mols.) gave 
3: 3-dimethylphthalide. This compound can also be obtained by the reaction of the 
Grignard reagent with phthalic anhydride.4* 3 : 3-Dimethylphthalide is a stable lactone,™ 
which is only partly hydrolysed when dissolved in sodium hydroxide solution at 50°. How- 
ever, treatment of this solution with hydrogen at 250°/110 atm. in presence of copper— 
chromium oxide catalyst gives a 95% yield of o-isopropylbenzoic acid. This reaction and 
the reduction of o-acetyl- and o-propionyl-benzoic acid, mentioned above, suggest that 
this hydrogenation may be a convenient method for the complete reduction of phthalides 
or of keto-acids which form phthalides on partial reduction. 

Since 0-tsopropylbenzoic acid can be prepared readily it could be used in a synthesis (4) 
of o-ethvlisopropylbenzene. However, the shorter method (B) was employed. 2-o0- 


co sCMe, Pri /Pri 
(A) o-CH  SO—» C,H, SO-—> GH, nengntegg, 
co ‘CO : | ‘Ac 
/CO,Et /CMe,"OH jr 
(B) 0-C,H,. a i aeceeaet at CoH 
\SCO,Et COMe Et 


Acetylphenylpropan-2-ol was prepared by the action of methylmagnesium chloride on 
diethyl phthalate in ether.1® It is probable that the formation of a keto-alcohol rather 
than the diol in this reaction is due to a steric effect, since at a higher temperature, obtained 
by replacing the ether by benzene, the reaction proceeds further giving the diol.1* Dehydr- 
ation of the keto-alcohol yields a styrene in which the carbonyl group is in conjugation 
with the rest of the unsaturated system. It is therefore not surprising that the product 
obtained by dehydration with anhydrous copper sulphate polymerised to a soft rubber 
within 30 min. Huang-Minlon reduction of the keto-alcohol yielded a mixture of the 

® Giebe, Ber., 1896, 29, 2533. 

10 Huang-Minlon, J. Amer. Chem. Soc., 1946, 68, 2487. 

11 Adkins, Burgoyne, and Schneider, ibid., 1950, 72, 2626. 


#2 Gilman and Nelson, Rec. Trav. chim., 1936, 55, 518; Cason, Chem. Rev., 1947, 40, 15. 
13 Bauer, Ber., 1904, 37, 735. 


4 ‘Véne, Proc. XIth Intern. Congr. Pure Appl. Chem., London, 1947, 2, 333. 
18 Bennett and Wain, /J., 1936, 1114. 
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original alcohol and an unsaturated compound. Therefore the keto-alcohol was hydrogen- 
ated under high pressure and at high temperature, with copper-chromium oxide catalyst. 
The yield of o-ethylisopropylbenzene was only 27%, based on the keto-alcohol used. 

o-Diisopropylbenzene.—] : 2-Di-(1-hydroxy-l-methylethyl)benzene was prepared by 
Bennett and Wain’s method.!5 Dehydration proceeded only to tetramethylphthalan. 
This was reduced with red phosphorus and hydriodic acid, but long heating was necessary 
before the hydrocarbon gave a satisfactory analysis and it seemed doubtful whether a 
really pure product could be obtained by this method. 

Hydrogenation of the diol under high pressure, at 200°, in the presence of copper- 
chromium oxide, gave a mixture which contained some of the required hydrocarbon. 
The optimum conditions for the complete hydrogenation were not established. 

The purity of the hydrocarbons, determined by means of a vapour-phase chromatogram, 
was in each case greater than 99°%,. 

Further physical properties and the spectra will be published elsewhere. 


EXPERIMENTAL 

o-Diethylbenzene. Method I.—1: 2-Dihydro-1 : 2-dimethylisoquinoline.? isoQuinoline meth- 
iodide (54 g.) was added slowly to ethereal methylmagnesium iodide (from 10 g. of magnesium) 
at 0°. After 1 hr. the mixture was treated with ice and ammonium chloride, and the base 
(25-2 g., 79%) was isolated in the usual manner as a colourless oil, b. p. 123—124°/10 mm. 

1: 2:3: 4-Tetrahydro-1 : 2-dimethylisoquinoline. A solution of 1 : 2-dihydro-1 : 2-dimethyl- 
isoquinoline (13-9 g.) in ethanol (25 c.c.) was completely hydrogenated at 3 atm. with Adams 
catalyst (0-2 g.) in 30 min. and, after the catalyst had been removed, the mixture was distilled, 
giving the tetrahydro-base (90%) as a colourless oil, b. p. 110°/9 mm., m® 1-5390. The 
methiodide (89%) crystallised in short needles (from ethanol), m. p. 186° (Found: C, 47-4; H, 
5-8; N, 4-4; I, 42-1. C,,H,,NI requires C, 47-5; H, 5-9; N, 4-7; I, 41-9%). 

x-(0-Ethylphenyl)ethyltrimethylammonium iodide (x = 1 or 2). A solution of 1:2:3: 4- 
tetrahydro-1 : 2-dimethylisoquinoline methiodide (20 g.) in water (100 c.c.) was shaken with 
silver oxide (20 g.) at 60° for l hr. The solid was then filtered off, and the solution was evapor- 
ated in vacuo at >60° (higher temperatures resulted in decomposition and frothing). The 
residue was distilled under reduced pressure (bath-temp. 80°), and the amine was separated and 
distilled, to yield a colourless oil, b. p. 110°/15 mm. This was immediately dissolved in ethanol 
(15 c.c.) and hydrogenated under atmospheric pressure with Adams catalyst (0-1 g.). When 
reduction was complete (ca. 4 hr.) the catalyst was removed, the solvent was replaced by ether, 
and methyl iodide (8 c.c.) was added. After 2 hr. the precipitate was collected and twice 
recrystallised from ethyl acetate-light petroleum, affording x-(o-ethylphenyl)ethyltrimethyl- 
ammonium iodide (9 g.) as plates, m. p. 173° (Found: C, 48-9; H, 6-6; N, 4:7; I, 40-1. 
C,3Hg,NI requires C, 48-9; H, 6-9; N, 4-4; I, 39-8%). 

In one experiment methyl iodide was added to the amine obtained from the Hofmann 
degradation. The precipitate gave trimethyl-x-(o-vinylphenyl)ethylammonium iodide as rhombs, 
m. p. 138—139°, after two crystallisations from ethyl acetate-ethanol (Found: C, 49-0; H, 
6-2; I, 39-9. C,,;H, NI requires C, 49-2; H, 6-3; I, 40-1%). 

o-Diethylbenzene. A solution of %-(o-ethylphenyl)ethyltrimethylammonium iodide (9-6 g.) 
in water (50 c.c.) was shaken with silver oxide (10-0 g.) at 60° for 45 min. The solid was 
separated, the solution evaporated in vacuo, and the residue distilled under reduced pressure 
(bath-temp. 130°), giving o-ethylstyrene. This was separated from some water, and hydrogen- 
ated in ethanol (10 c.c.) under atmospheric pressure with Adams catalyst (0-1 g.). When 
reduction was complete (ca. 1 hr.) the catalyst was removed, and the filtrate was distilled, 
giving o-diethylbenzene (Found: C, 89-3; H, 10-3. Calc. for C,,H,,: C, 89-6; H, 10-4%). 
The physical constants agreed with those of o-diethylbenzene prepared by method II. 

o-Diethylbenzene. Method II.—o-Acetylbenzoic acid. This acid was prepared by the 
methods of de Benneville * and of Gabriel and Neumann.!7 The former method gave a 
45% yield of the acid, based on phthalic anhydride, but the latter, although it gave a yield of 
only 25%, was more convenient for larger quantities. In this method the intermediate, 
phthalidylideneacetic acid, was best prepared in batches from 90 g. of phthalic anhydride, and 


16 de Benneville, J]. Org. Chem., 1941, 6, 462. 
17 Gabriel and Neumann, Ber., 1893, 26, 952. 
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the products of several batches were combined for purification. Hydrolysis and decarboxyl- 
ation of this acid yielded o-acetylbenzoic acid, which after recrystallisation first from benzene 
and then from water melted at 117—118°. 

o-Ethylbenzoic acid. The keto-acid (15 g.) was neutralised (pH 8) with 15% sodium 
carbonate solution, and the salt was hydrogenated for 7 hr. at 250-—255°/110 atm. (initial) in 
the presence of copper—chromium oxide (4 g.) (catalyst H.J.S.2).14_ After the autoclave had 
cooled, more catalyst (2 g.) was added, and the solution was treated under the same conditions 
for a further.7 hr. When cold the mixture was filtered, and acidified with concentrated hydro- 
chloric acid; a pale yellow oil, which separated, crystallised ina few seconds. The acid (12-2¢., 
89%) crystallised from water containing a small proportion of ethanol, and melted at 64—65° 
either alone or when mixed with a specimen obtained by Giebe’s method.® Hydrogenation at 
200° failed to reduce the keto-group completely, some 3-methylphthalide (b. p. 138— 
140°/12 mm.) being obtained when the solution was acidified. The acid was removed by 
dissolving the oily mixture in ether, and extracting this solution with sodium carbonate 
solution, thus leaving the lactone in the ethereal layer. Reduction at 280—290° and 
subsequent acidification also gave an oil; this slowly hardened to a white plastic mass. The 
product was distilled under reduced pressure, and yielded approx. 50% of o-ethylbenzoic acid, 
b. p. 139—140°/12 mm. _ The residue hardened to a brittle, clear, pale-brown resin. Attempted 
reduction of o-acetylbenzoic acid with hydrazine hydrate?! yielded 1-hydroxy-4-methyl- 
phthalazine, m. p. 220° (Found: C, 67-7; H, 4-9; N, 17-1. Calc. for C,H,ON,: C, 67-5; H, 
5-0; N, 17-5%). With semicarbazide hydrochloride in pyridine, 2-carbamyl-3 : 4-dihydro-4- 
methyl-1-oxophthalazine, m. p. 224°, is formed-(Found: C, 59-4; H, 4:5; N, 21-1. C,,H,O,N, 
requires C, 59-1; H, 4-5; N, 20-7%). 

o-isoPropylbenzoic acid. A solution of methylmagnesium chloride (from magnesium, 9-6 g.) 
was added dropwise to a cold stirred solution of diethyl phthalate (44-4 g.) in ether (350 c.c.), 
and the suspension was stirred for 1 hr. at room temperature. 3: 3-Dimethylphthalide (13-1 g. ; 
b. p. 96—97°/0-1 mm.) crystallised from ether as thick colourless plates, m. p. 71° (Bauer !% 
records m. p. 68°). 

The phthalide (7-8 g.) dissolved completely in a small excess of warm sodium hydroxide 
solution (2-1 g. of sodium hydroxide in 5 c.c. of water). The cold solution was then diluted with 
water (35 c.c.), treated with hydrogen at 250—255°/110 atm. (initial) for 7 hr. in the presence 
of copper—chromium oxide (2 g.), filtered, and acidified with concentrated hydrochloric acid, 
whereupon white crystals of 0-isopropylbenzoic acid (7-5 g., 95%; b. p. 160—161°/25 mm., 
m. p. 64°; anilide, m. p. 137°) were obtained (Found: C, 73-2; H, 7-3. Calc. for C,9H,,0, : 
C, 73-2; H, 7-4%). Harvey 18 records m. p. 63—63-5° (anilide, m. p. 137—138°). 

o-Ethylacetophenone. Anhydrous cadmium chloride (202 g.) was added to ethereal methyl- 
magnesium chloride (from magnesium, 48 g.). The mixture was heated under reflux for 
30 min.; the ether was then distilled and replaced progressively with dry benzene until the 
solvent distilled at 78°. o-Ethylbenzoyl chloride (88 g.; b. p. 97—98°/15 mm.) was added 
with stirring during 30 min. to this solution of dimethylcadmium cooled in ice-salt. 
The mixture was heated under reflux for 2 hr., then treated with ice and dilute sulphuric acid. 
o-Ethylacetophenone (55 g., 71%) was obtained as a colourless oil, b. p. 115—116°/30 mm., ni 
1-5250. The semicarbazone melted at 185°; Winkler }* records m. p. 180°. 

o-Diethylbenzene. Sodium (25 g.) was dissolved in diethylene glycol (440 c.c.), and o-ethyl- 
acetophenone (25 g.) was added, followed by 100% hydrazine hydrate (45 c.c.). The mixture 
was heated under reflux for 2 hr., then distiiled until the temperature of the liquid reached 220°. 
The distillate contained most of the o-diethylbenzene. The residue was heated under reflux 
for 3 hr. When cold the solution was acidified and extracted with ether. The extract, 
combined with the distillate, was treated in the usual manner. After evaporation of the 
solvent, the residue was heated under reflux for 2 hr. over sodium; it was distilled, to give 
o-diethylbenzene (84%), b. p. 182-5—183°. The hydrocarbon was heated under reflux with 
potassium for 2 hr., and fractionally distilled through a Dixon column,” yielding a product 
with b. p. 182-9°/755 mm., n? 1-5033, d®° 0-8796 (Birch e¢ al.* record b. p. 183-3°/760 mm., 
n® 1-5034). 

Reduction of o-ethylacetophenone with hydrogen at 230°/110 atm. (initial) for 12 hr., with 

18 Harvey, Acta Chem. Scand., 1954, 8, 692. 


19 Winkler, Chem. Ber., 1948, 81, 256. 
20 Dixon, J. Soc. Chem. Ind., 1949, 68, 299. 
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copper—chromium oxide, gave a product whose boiling range, refractive index, and analysis 
indicated that it was chiefly o-diethylbenzene with a small amount of 1 : 2-diethylcyclohexane. 

o-Ethylpropylbenzene.—o-Propionylbenzoic acid. o-Propylbenzoic acid (m. p. 93—94°), pre- 
pared by de Benneville’s method,!* was hydrogenated as described for the preparation of 
o-ethylbenzoic acid. The crude product, a pasty solid, was dissolved in ether, and the solution 
was extracted with sodium carbonate solution. The aqueous solution was heated to expel 
dissolved ether and, when cold, was acidified. o-Propylbenzoic acid separated as an oil (78%), 
which crystallised and had m. p. 58°, b. p. 164—165°/20 mm. Gottlieb *! records m. p. 58°, 
b. p. 272°/739 mm. 

o-Propylacetophenone. o-Propylbenzoyl chloride (80 g.; b. p. 111—112°/12 mm.) was 
allowed to react with dimethylcadmium, as described above, to give pale yellow o-propylaceto- 
phenone (39 g., 49%), b. p. 58—60°/0-04 mm., ni? 1-5203 (Found: C, 81-4; H, 8-9. C,,H,O 
requires C, 81-4; H,8-7%). The 2: 4-dinitrophenylhydrazone crystallised from ethanol as yellow 
needles, m. p. 131° (Found: C, 59-8; H, 5-5. C,,H,,0,N, requires C, 59-6; H, 5-3%). 

o-Ethylpropylbenzene. Reduction of o-propylacetophenone by Huang-Minlon’s method ?° 
gave o-ethylpropylbenzene (83%), which when purified by distillation from potassium, followed 
by fractional distillation, had b. p. 200-9°/760 mm., ? 1-4990, d*? 0-8732 (Found: C, 89-3; H, 
10-8. C,,H,, requires C, 89-1; H, 10-9%). ; 

o-Ethylisopropylbenzene.—2-o-Acetylphenylpropan-2-ol (m. p. 115°) was prepared by 
Bennett and Wain’s method.!5 The 2: 4-dinitrophenylhydrazone melted at 172° (Found: C, 
57-3; H, 5-3; N, 15-4. C,,H,,0;N, requires C, 57-0; H, 5-1; N, 15-6%). The alcohol was 
hydrogenated at 200—210°/115 atm. (initial) for 7 hr. with copper-chromium oxide 
(H.J.S.2).11. The product was isolated in the usual manner, and distilled under reduced 
pressure. The middle fraction was heated under reflux with potassium for 1 hr., and twice 
fractionally distilled, yielding 0-ethylisopropylbenzene, b. p. 192-2°/752 mm., n? 1-4980, d%? 
0-8747 (Found: C, 88-9; H, 10-7. C,,H,, requires C, 89-1; H, 109%). An attempt to 
reduce the keto-alcohol by Huang-Minlon’s method gave an oil containing unchanged alcohol, 
which crystallised, and an unsaturated compound formed by the dehydration of the tertiary 
alcohol. An attempt to dehydrate the alcohol with anhydrous copper sulphate gave a viscous 
oil (b. p. 115—127°), which set to a transparent greenish gum within 0-5 hr. 

o-Diisopropylbenzene.—o-Di-(1-hydroxy-1-methylethyl)benzene 15 (14:9 g.; m. p. 165— 
166°) was warmed with red phosphorus (6-2 g.) and acetic anhydride (88 c.c.) until all the crystals 
were dissolved. To the cooled solution 55% aqueous hydriodic acid (44 c.c.) was added drop- 
wise and the mixture was heated under reflux for 2 hr. A further quantity of hydriodic acid 
(44 c.c.) was added, and the mixture was heated for 12 hr. When cold the mixture was diluted 
with water (500 c.c.), and sulphur dioxide was passed in until the colour was discharged. The 
oily layer was separated, washed, dried, and distilled from sodium. The hydrocarbon (7 g.; 
b. p. 202—203°), which probably contained some tetramethylphthalan, was again treated with 
red phosphorus and hydriodic acid as before. o-Diisopropylbenzene (5-1 g., 41%), b. p. 203— 
204°, n® 1-4949, was obtained (Found: C, 89-1; H, 11-3. Calc. for C,,H,,: C, 88-8; H, 
11-2%). Melpolder et a/.2* record b. p. 203-75°/760 mm., n° 1-4960. It is uncertain whether all 
traces of impurity were removed from the product, and therefore the specimen could not be 
considered satisfactory for the determination of physical data. 

Catalytic reduction of o-di-(1-hydroxy-1-methylethyl) benzene with hydrogen at 200°/115 atm. 
for 7 hr., in the presence of copper—-chromium oxide, gave a product which distilled over a wide 
range. Only a small fraction boiled above 200°, and gave an analysis which was correct for 
o-ditsopropylbenzene. 

The absorption spectra and the purity of the o-dialkylbenzenes described in this paper are 
discussed in Part IT. 


The authors thank Sir Robert Robinson, O.M., F.R.S., for his interest and Dr. J. C. Smith 
for his advice and criticism. 
THE Dyson PERRINS LABORATORY, OXFORD. (Received, May 11th, 1956.) 


*t Gottlieb, Ber., 1899, 32, 961. 
* Melpolder, Woodbridge, and Headington, J. Amer. Chem. Soc., 1948, 70, 935. 
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119. Synthesis of Cyclic Hydrocarbons. Part II.* Dehydrogenation 
of 1: 2-Dialkyleyclohexanes to o-Dialkylbenzenes. 
By B. B. ELsner and H. E. Strauss. 

Dehydrogenation of 1: 2-dialkylcyclohexanes to the corresponding 
o-dialkylbenzenes has been investigated. 1: 2-Diethyl-, 1: 2-dipropyl-, 
1-butyl-2-propyl-, 1: 2-dibutyl-, and 1-butyl-2-pentyl-cyc’ohexane were 
dehydrogenated by passing the hydrocarbon vapour over platinum or pal- 
ladium catalysts at 320—350°. 1-Butyl-2-pentyl- and 1-butyl-2-hexyl-cyclo- 
hexane were dehydrogenated when boiled in contact with palladised charcoal. 


The o-dialkylbenzenes were purified through the sulphonic acids (calcium 
salts). 


CaTALYTIC dehydrogenation of cyclohexane and methyleyclohexane was achieved by 
Zelinski,1 who also investigated the dehydrogenation of the dimethylcyclohexanes.* 
However, there is no record of a systematic investigation into the dehydrogenation of 
di- or poly-alkylcyclohexanes with alkyl substituents larger than methyl. 

In an endeavour to find out the best conditions for the dehydrogenation of 1 : 2-di- 
alkylcyclohexanes different procedures have now been used, with 1 : 2-diethyl-, 1 : 2-di- 
propyl-, 1-butyl-2-propyl-, 1: 2-dibutyl-, 1-butyl-2-pentyl-, and 1-butyl-2-hexyl-cyclo- 
hexane. 

All the experiments in the vapour phase were performed at 320—350°, the hydro- 
carbons being carried in a slow current of hydrogen. Two types of catalyst were used : 
platinised charcoal * and palladised asbestos. The former was considerably more effective 
than the latter, and was used to dehydrogenate 1 : 2-dipropylcyclohexane- and 1-buty]-2- 
propyleyclohexene at 320—330°. The activity of the catalyst, although high at the 
start, fell rapidly after only a small proportion of the compound had been added, and later 
more slowly. The partly dehydrogenated material was therefore passed over a number 
of fresh charges of catalyst. Nevertheless, dehydrogenation was not complete. Raising 
the temperature above 330° did not appear to increase the efficiency of the dehydrogenation 
and the product became appreciably more yellow. Even at 320—330° the condensate 
showed a weak blue fluorescence, which was removed with some difficulty by heating the 
product with sodium at 200°. Purification by heating with potassium was more efficient, 
but led to some charring. Potassium was found to be more suitable for the purification 
of cyclohexanes, which showed no tendency to decompose. Dehydrogenation of 1-butyl- 
-2-propylcyclohexene required three charges of fresh catalyst for completion. Palladised 
asbestos was used for further vapour-phase dehydrogenations. Some comparative 
experiments to establish the most favourable conditions for this reaction were carried out 
with 1-butyl-2-propylcyclohexane. The efficiency of the dehydrogenation appears to 
depend on temperature, on vapour velocity, and on the total quantity of the dialkyleyclo- 
hexane passed over a certain quantity of catalyst (Table 2). 

Attempts to dehydrogenate 1 : 2-dipropylceyclohexane (b. p. 215°) in the liquid phase 
by heating it under reflux with palladised charcoal failed, presumably because the tem- 
perature was too low. The boiling point of 1-butyl-2-hexyleyclohexane (149°/16 mm.), 
however, was sufficiently high to permit dehydrogenation, which proceeded smoothly 
though rather slowly. That the reaction was almost complete was shown by the refractive 
index of the product, which before purification through the sulphonic acid had mf 1-4881, 
and after purification n? 1-4890. 

1-Butyl-2-pentylcyclohexane was also dehydrogenated in the liquid phase. The 

* Part I, preceding paper. 


1 Zelinski, Ber., 1911, 44, 3121. 

2 Idem, Ber., 1923, 56, 787; 1935, 68, 98. 

* Linstead and Thomas, J., 1940, 1127. 

* Packendorff and Leder-Packendorff, Ber., 1934, 67, 1388. 
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refractive index of the product (”?° 1-4890) was near to that of the product obtained by 
vapour-phase dehydrogenation (nP 1-4898). 

All the dialkylbenzenes thus prepared still contained small amounts of the corre- 
sponding cyclohexanes. In order to remove the hydroaromatic impurity, each product, 
except o-butylpentylbenzene, was converted into the sulphonic acid. No attempt was 
made to determine the configurations of these acids. The calcium salts of the acids were 
readily soluble in cold water; these solutions were then extracted with ether to remove 
any hydrocarbon. No difficulties were encountered when this method was applied to 
the purification of o-dipropyl- and o-butylpropyl-benzene. The crude o-butylpropyl- 
benzene, for example, was found to contain 7% of 1-butyl-2-propylcyclohexane, which 
was recovered from the ethereal extract. The method was less satisfactory when applied 
to o-dibutyl- and o-butylhexyl-benzene, whose sulphonic acids, and their calcium salts, 
unlike those derived from o-dipropyl- and o-propylbutyl-benzene, act as emulsifying 
agents, probably owing to the length of the aliphatic chains : ¢.g., the calcium salts readily 
emulsified mixtures of water and light petroleum. Further, when aqueous solutions of 
the calcium sulphonates were extracted with ether, the salts, together with a considerable 
quantity of water, passed into the ethereal layer. Light petroleum was therefore used for 
the separation of the hydrocarbon impurities, in spite of the tendency to form emulsions. 

Vigorous conditions are required for the hydrolysis of the sulphonic acids. For example, 
butylpropylbenzenesulphonic acid is hydrolysed with great difficulty by the sulphuric 
acid-superheated steam method used by Melpolder e¢ al.® for the fractional hydrolysis of 
the sulphonic acids from mixed diisopropylbenzenes, and by Plapinger and Woods ® in 
the purification of m-dialkylbenzenes. Satisfactory results were obtained when the 
calcium salts of the sulphonic acids were heated with concentrated hydrochloric acid in 
sealed tubes at 200°. The acids of the lower members of the series were hydrolysed after 
four hours; the dibutyl- and the butylhexyl-benzenesulphonic acids required eight 
hours. 

It is believed that the sulphonation of o-dialkylbenzenes and the subsequent hydrolysis 
of the sulphonic acids under the conditions used in this work do not cause structural 
changes. Even triethylbenzenes, when sulphonated under the more drastic conditions 
of the Jacobsen rearrangement, reported for tetra- and penta-alkylbenzenes, were 
recovered unchanged in good yields.?- Butylpropylbenzenesulphonic acid was hydrolysed 
by sulphuric acid on steam-distillation, and the calcium salt by hydrochloric acid at 
200°. The products recovered from the two hydrolyses had identical refractive indices. 

Physical constants are reported in Table 1. 


TABLE 1. Physical constants of o-dialkylbenzenes, o-CgH,RR’. 


R R’ B. p./mm. nz “ R R’ B. p./mm. nv _ 
Et Et 182-9°/755 1-5035 0-8796* Pr Bu® 112-5—112-7°/17 1-4936 0-8662 
Et Pr® 200-8—201-0°/764 1-4990 0-8732* Bu® Bu® 125-3°/15 1-4918 0-8640 
Et Pri 192-2—192-3°/752 1-4980 0-8747* Bu® m-C,H,, 127-3°/10 1-4898 0-8634 
Pre Pr 99-8—100-0°/21 1-4969 0-8713 Bu" n-C,H,, 150-8°/15 1-4890 0-8618 


* Cf. Part I. 


The following discussion concerning the purity of the o-dialkylbenzenes and their 
spectra includes also the hydrocarbons described in Part 1. 

Infrared Spectra —The authors thank Dr. F. B. Strauss for the interpretation and Mr. 
F. H. L. Hastings for the determination of the spectra. All spectra were examined, in 
the rock-salt region only, by means of a Perkin-Elmer double-beam spectrophotometer, 
with a cell length of 0-10 mm., supplemented by use of a cell length of 0-01 mm. for the 
more intense absorption bands. 

5 Melpolder, Woodbridge, and Headington, J. Amer. Chem. Soc., 1948, 70, 935. 


* Plapinger and Woods, ibid., 1951, 78, 5603. 
7 Smith and Guss, ibid., 1940, 62, 2625, 2631. 
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o-Dialkylbenzenes show aromatic C-H stretching bands at 3-26 and 3-31 u, and aliphatic 
C-H at 3-40 and 3-50 u; the intensity of the former group decreases in relation to the latter 
as the proportion of the aliphatic substituent increases. 

In the overtone region there is a group of bands between 5 and 6 p, very nearly identical 
for all ortho-disubstituted benzenes. 

A strong double-bond stretching band at 6-24 » and a weaker band at 6-34 » are common 
to all the compounds examined. 

In the hydrogen bending region, a conspicuous new band at 7-50 uw appears with the 
propyl substituent and remains with the higher homologues. The compound containing 
an tsopropyl substituent shows complexity of spectrum around 7-25 » which is a 
characteristic of this group. 

An extremely intense out-of-plane vibration of hydrogen occurs with a maximum 
between 13-3 and 13-5 yu, characteristic of ortho-disubstituted benzenes. A number of 
characteristic bands are present which distinguish these compounds from one another, 
but the distinction becomes increasingly difficult as the molecular weight increases. 

Ultraviolet Absorption.—All ortho-disubstituted benzenes have a maximum at 2650 A 
with an extinction coefficient of between 250 and 350. There is always an inflexion near 
2720 A which sometimes appears as a separate maximum with an extinction coefficient 
of 260. 

Determination of Purity.—The purity of. the o-dialkylbenzenes was kindly determined 
by Mr. C. S. G. Phillips and Mr. I. W. Scott of the Inorganic Chemiziry Laboratory, Oxford, 
by gas-liquid partition chromatography with the apparatus described by Littlewood, Phillips, 
and Price. They showed that all the compounds are free from any impurity caused by 
the presence of isomers or other (dialkyl)benzenes, achieving complete separation of 
synthetic mixtures of such benzene derivatives: 1° of impurity would have been detected. 
However, the benzene derivatives prepared by dehydrogenation have not so far been 
proved free from their corresponding cyclohexanes, as, under the conditions used, their 
retention volumes are approximately the same. Further investigations, under different 
conditions, are pending. 


EXPERIMENTAL 

o-Diethylbenzene.—1 : 2-Diethylcyclohexane (5 g.) was dehydrogenated in the apparatus 
and with the catalyst described below for the dehydrogenation of 1-butyl-2-propylcyclohexane. 
Diethylcyclohexane was passed over the catalyst at 300—320° at a rate of 6—8 drops per min. 
The product had n7 1-4790. After the product had been passed twice over the same catalyst 
at 330—350° at a rate of 1—2 drops per min., the refractive index of the condensate, after it 
had been distilled from sodium, was nf 1-5020. No further attempt to purify the product was 
made as o-diethylbenzene was prepared by two other methods (cf. preceding paper). 

o-Ethylpropylbenzene.—1-Ethyl-2-propylcyclohexane was dehydrogenated as described for 
the dehydrogenation of butylpropylcyclohexane. Only 2 c.c. of the cyclohexane were passed 
over the palladium catalyst (5 g. of Pd) at a rate of 1 drop per min. The product after dis- 
tillation from sodium had nj 1-4987, in good agreement with the value (un? 1-4990) of the 
product obtained by the method starting from phthalic anhydride (Part 1). 

o-Dipropylbenzene.—30% Platinised charcoal * (1-8 g.) was mixed with purified short-fibre 
asbestos and a small quantity of glasswool cut into short tufts. The middle 30 cm. of the 
reaction tube (75 cm. x 1 cm.) were loosely filled with the catalyst, which was held in position 
by plugs of glasswool. The tube was fixed in a sloping furnace, 50 cm. long. The upper end 
of the tube was widened to take a gas-inlet tube and the stem of a tap-funnel drawn out to a jet. 
A thermocouple, encased in a pipe-clay tube, extended approx. 25 cm. into the furnace alongside 
the reaction tube. The air in the apparatus was Cisplaced by a slow stream of hydrogen which 
had passed through a bubbler containing paraffin oil, and thence through a tube packed with 
glasswool. The furnace was heated to 320—330°, the stream of hydrogen then slowed down 
to one bubble in 3 sec., and 1 : 2-dipropyleyclohexane (15-5 g.; ni 1-4510) added, at the rate 
of 6 drops per min. The first few drops issuing from the tube had a high refractive index 

® Littlewood, Phillips, and Price, J., 1955, 1480. 
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(n¥8 1-4840), but as more hydrocarbon passed through the tube the refractive index of the 
product fell continuously, so that the last drops collected had ni8 1-4715. The reaction tube 
was filled with fresh catalyst and heated as before. The mixture of 1 : 2-dipropylcyclohexane 
and o-dipropylbenzene was passed over the catalyst twice at the rate of 3 drops per min., and 
the product had ni® 1-4833. It boiled over a considerable range (214-8—216-4°) ; it was there- 
fore passed over two further charges of fresh catalyst. After distillation from potassium, the 
product (b. p. 216—217°, nl® 1-4946) was freed from the unchanged cyclohexane by ether- 
extraction of calcium dipropylbenzenesulphonate (15-4 g.) [see purification of o-propylbutyl- 
benzene (b)], and subsequent decomposition of this salt to o-dipropylbenzene (6-4 g.) (Found : 
C, 88-8; H, 11-2. C,.H,, requires C, 88-8; H, 11-:2%). 

From the extracts impure 1 : 2-dipropyleyclohexane (5%, b. p. 97°/20 mm., n° 1-4546) 
was recovered. 

The efficiency of the platinised charcoal catalyst used for the dehydrogenation was tested by 
passing methylcyclohexane (5 g.) over a fresh charge of this catalyst (1-8 g.) under the same 
conditions as were used above. After having passed twice over the same catalyst, the liquid 
had n® 1-4970 (toluene, 2? 1-4969). 

o-Propylbutylbenzene.—1-Butyl1-2-propylcyclohexene (47 g.) was dehydrogenated in the vapour 
phase, the method and apparatus described above being used. However, only. three charges 
of fresh catalyst were required to obtain maximum conversion into the benzene. The product 
(34-7 g.), distilled from potassium, boiled at 110—112°/16 mm. (n} 1-4899), and was purified 
by conversion into the calcium sulphonate. 

Dehydrogenation of 1-butyl-2-propylcyclohexane was performed with 30% palladised 
asbestos. The catalyst was prepared by a method similar to that of Packendorff and Leder- 
Packendorff.4 15 g. were sufficient to occupy 60 cm., of the reaction tube (115cm. x 1 cm.), 
which was fixed in a sloping tube furnace (length 90 cm.). In all other details the apparatus 
was identical with that described above. Hydrogen was passed through the apparatus and 
the tube heated to 100°. After 2 hr. the temperature was raised to 150°, after 4 hr. to 330° and 
kept at 330—350° overnight. The flow of hydrogen was reduced to one bubble in 3 sec., and 
1-butyl-2-propyleyclohexane (10 g.) was passed over the catalyst. The influence of tem- 
perature, rate of addition of hydrocarbon, and ratio of substance to catalyst on the dehydro- 
genation is shown in Table 2. The impure o-butylpropylbenzene was heated with potassium 
at 200° for 20 min. and then distilled; it had b. p. 114—116°/20 mm., nP 1-4903. 


TABLE 2. Dehydrogenation of 1-butyl-2-propylcyclohexane. 


Wt. taken (g.) Temp. Rate of addn. (drops/min.) Charges of catalyst nz * 
10 300° 6 1 1-4720 
10 300 4 2 1-4820 
10 300 4 3 1-4872 
10 330 3 3 1-4913 
4 330—350 2 1 1-4810 
4 330—350 2 2 1-4912 
2 330—350 >1 1 1-4900 
2 330—350 >1 2 1-4928 


* Pure o-butylpropylbenzene has ni 1-4936. 


Purification of o-propylbutylbenzene. (a) Through the sulphonic acid. To the hydrocarbon 
(5 g.), cooled in ice-salt, concentrated sulphuric acid (10 g.) was added with vigorous stirring. 
The mixture became brown and the two layers emulsified. After 5 min. the ice-bath was 
removed, and stirring was continued for 3 hr. The liquid was poured on ice. The solution 
was made alkaline with dilute sodium hydroxide solution and extracted twice with ether. The 
aqueous alkaline solution was acidified with sulphuric acid and distilled. When the tem- 
perature of the liquid reached 140°, superheated steam was passed through the mixture. The 
distillate was extracted with ether, the ethereal extract dried (MgSO,), and the solvent 
evaporated. o-Butylpropylbenzene, obtained on distillation of the residue, had nf 1-4935 
(Found : C, 88-3; H, 11-3. C, Hg requires C, 88-6; H, 11-4%). 

(6) Through the calcium sulphonate. From the reaction mixture after sulphonation, 
carried out as in (a), barium butylpropylbenzenesulphonate was prepared (Found: C, 48-2; 
H, 5-7; Ba, 20-9. C,,H;,0,S,Ba requires C, 48-2; H, 5-9; Ba, 21-2%). 

Since the barium salt was insufficiently soluble in water (1-5%) and could not be obtained 
crystalline, the calcium salt was prepared. Oleum (82 g. of acid prepared by mixing 24 c.c. of 
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20% oleum and 31 c.c. of concentrated sulphuric acid) was added to ice-cold crude o-propyl- 
butylbenzene (27-3 g.), and the mixture was stirred at room temperature for 3 hr. The mixture 
was poured on crushed ice (400 g.), and the solution was exhaustively extracted with ether. 
The combined ethereal extracts, containing the sulphonic acid and any hydrocarbon, were 
evaporated, leaving a concentrated aqueous solution of the sulphonic acid, and some hydro- 
carbon. The yellow liquid was diluted with water (500 c.c.), warmed, and treated with a small 
excess of calcium carbonate and a sufficient quantity of calcium hydroxide suspension to give 
a neutral solution. The solution was filtered, cooled, and extracted four times with ether. 
The aqueous solution was evaporated to dryness, giving pale-brown hygroscopic calcium 
butylpropylbenzenesulphonate (41 g.). The solvent was evaporated from the ethereal extract, 
and the residue was distilled, giving impure 1-butyl-2-propylcyclohexane (1-9 g., 7%; un? 
1-4537). 

Calcium butylpropylbenzenesulphonate (5 g.) was heated in a sealed tube (1-5 x 60 cm.) 
with concentrated hydrochloric acid (30 c.c.) at 200° for 4 hr., the air in the tube having been 
displaced by nitrogen. Nine tubes were filled and heated in this manner. The products 
were combined, and water, sufficient to make 600 c.c. of solution, and some ether were added. 
The solution was saturated with ammonium chloride, the ethereal layer was removed, and the 
aqueous solution was extracted four times with ether. The combined ethereal solutions were 
washed with dilute sodium hydroxide solution, which removed the colour, and dried (MgSO,). 
After evaporation, the residual liquid was heated with potassium at 200° for 30 min. and 
fractionally distilled through a Dixon column, to give pure o-butylpropylbenzene (19-7 g., 72%) 
(Found: C, 88-6; H, 11-5%). 

o-Dibutylbenzene.—1 : 2-Dibutyleyclohexane (23 g.) was dehydrogenated in the vapour 
phase over palladised asbestos by the method used for 1-butyl-2-propylcyclohexane. Four 
charges of fresh catalyst were required to produce the maximum conversion. The product, 
which was distilled from sodium, had b. p. 125—126°/16 mm., n? 1-4899 (yield 19-7 g., 89%). 
It was purified through the calcium’ sulphonate as described below for the purification of 
o-butylhexylbenzene, with similar difficulties. Finally o-dibutylbenzene was fractionally 
distilled through a Dixon column (Found: C, 88-4; H, 11-6. C,,H,, requires C, 88-3; 
H, 11-7%). 

o-Butylpentylbenzene.—1-Buty]-2-pentylcyclohexane was dehydrogenated over palladised 
asbestos at 330—350° by the method described above. o-Butylpentylbenzene had b. p. 127-3°/10 
mm., nf 1-4898, d? 0-8634 (Found: C, 88-1; H, 11-7. C,sH,, requires C, 88-2; H, 11-8%). 
Dehydrogenation of 1-butyl-2-pentylcyclohexane in the liquid phase, by the method described 
below for the preparation of o-butylhexylbenzene, gave a product which, after distillation 
from sodium, had n? 1-4890. 

o-Butylhexylbenzene.—1-Butyl1-2-hexylcyclohexane was dehydrogenated in the liquid phase, 
with palladised charcoal. The catalyst, after preparation by the method of Linstead and 
Thomas,’ was heated at 170°/15 mm. for 1 hr. and stored im vacuo over phosphoric oxide. The 
cyclohexane (16-2 g.) and catalyst (1-8 g.) were put in a 100 c.c. long-necked distilling-flask, the 
side-arm of which was connected to a trap, cooled in solid carbon dioxide—ethanol and connected 
to a filter-funnel dipping below the surface of water. The air in the apparatus was displaced by 
nitrogen. ‘The flask was heated gradually to 220—230°, and the stream of nitrogen was stopped. 
The liquid appeared to boil, although there was little refluxing, and gas was evolved. After 
2 hr. the bath temperature was increased to 240—250°, the liquid boiling gently. Liberation 
of gas had ceased after 26 hr. A slow stream of nitrogen was passed through, and the tem- 
perature was raised to 260° for 2 hr. The product was distilled; it had n? 1-4880 (yield 15 g., 
95%). 

The ice-cold hydrocarbon was treated with oleum (37-5 g. of acid prepared by mixing 24 c.c. 
of 20% oleum and 31 c.c. of concentrated sulphuric acid) and stirred for 2} hr. At first the 
oleum solidified, but it melted when the ice-bath was removed. During the last 30 min. of the 
reaction the flask was warmed to 35°. When cold, the mixture was poured on ice (100g.). A 
thick translucent emulsion was formed and did not separate overnight. Water (200 c.c.) and 
some ether were added. The mixture was shaken, and on standing it rapidly separated into 
two clear layers. The aqueous layer was extracted four times with ether. The ethereal 
solutions were combined, and the ether was evaporated. The residual emulsion, containing 
butylhexylbenzenesulphonic acid and any cyclohexane, was dissolved in water (150 c.c.) and 
neutralised with excess of calcium carbonate. The suspension was warmed and filtered. The 
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solid was washed with hot water (150c.c.). The washings were added to the filtrate, which was 
extracted four times with ether. The ethereal extracts were combined and evaporated, leaving 
an aqueous solution which was evaporated to dryness, giving a solid residue (21-8 g.) of calcium 
butylhexylbenzenesulphonate. This was dissolved in water (200 c.c.) and shaken with light 
petroleum (b. p. 40—60°). A stable emulsion was formed which broke on addition of 
a little lime-water. Extraction with light petroleum was repeated, and the petroleum 
layer, which separated slowly, was removed. Some calcium salt, which had separated during 
the extraction, was added to the aqueous solution, which was evaporated to dryness, giving the 
calcium salt as a white solid (21 g.). This was decomposed with concentrated hydrochloric 
acid as described under the purification of o-propylbutylbenzene, but with 8 hours’ heating. 
o-Butylhexylbenzene (8-8 g., 56%) was fractionally distilled through a Dixon column (Found : 
C, 88-3; H, 12-0. C,.H2. requires C, 88-0; H, 12-0%). 
THE Dyson PERRINS LABORATORY, OXFORD. [Received, May 11th, 1956.) 


120. Synthesis of Cyclic Hydrocarbons. Part III.* 1: 2-Dialkyl- 
cyclohexanes. 
By B. B. ELsner and H. E. Strauss. 
A series of 1: 2-dialkylcyclohexanes with straight-chain alkyl sub- 
stituents ranging from ethyl to hexyl has been synthesised. 


|-ALKYL-2-METHYLcycloHEXANES, with alkyl groups ranging from methyl to n-pentyl, 
were prepared by Cramer and Signaigo.1 These compounds had boiling ranges of 
|-8—3-3°, which were assumed to result from the presence of cis-trans-isomers. 1-Butyl-2- 
ethyleyclohexane was prepared by Kharasch and Sternfeld,? using mainly Cramer and 
Signaigo’s method.! 1 : 2-Diethylcyclohexane was synthesised by Buck e¢ al.3 In 1949 
a series of 1 : 2-dialkyleyclohexanes was prepared by Dice, Loveless, and Cates,‘ using the 
route employed by Kharasch and Sternfeld.2 Some discrepancies are apparent in their 
paper. Many yields were extremely low, and the compounds boiled over a wide range, 
yet no explanation was offered. For example, they recorded the boiling point of 1] : 2-di- 
propylcyclohexene as 162—167°/748 mm., which is unexpectedly low when compared with 
the boiling point (180—184°/746 mm.) of 1-ethyl-2-propyleyclohexene. When these 
compounds were catalytically reduced to the cyclohexanes, 1 : 2-dipropyleyclohexane, 
obtained in 25% yield, boiled at 225—-228°/748 mm., whereas 1-ethyl-2-propyleyclohexane 
boiled at 190—197°/746mm. Itseemed proper to repeat some of the work during the present 
study; many of the physical constants recorded in this paper do not agree with those given 
by Dice e¢ al. 

1 : 2-Diethyl- and 1-ethyl-2-propyl-cyclohexane were prepared by hydrogenation of the 
corresponding o-dialkylbenzenes (Part I). The other members of the series were prepared 
from cyclohexanone as shown in the attached scheme. Ethyl 2-oxocyclohexanecarboxylate 
(I; R =H) was alkylated. Hydrolysis and decarboxylation of the product gave the 
2-alkyleyclohexanone which, when treated with lithium alkyls, yielded 1 : 2-dialkylcyclo- 
hexanols. Dehydration followed by hydrogenation then gave 1 : 2-dialkylcyclohexanes, 
which were dehydrogenated to the corresponding o-dialkylbenzenes (Part II). 

For the preparation of dialkylcyclohexanes containing at least one n-propyl group an 
alternative route was employed. 2-Allylcyclohexanone (II) * was hydrogenated in the 
presence of palladium-strontium carbonate to 2-propylceyclohexanone (with Raney nickel 
even at room temperature and atmospheric pressure the carbonyl group was attacked), 


* Parts I and II, preceding papers. 


1 Cramer and Signaigo, J. Amer. Chem. Soc., 1933, 55, 3326. 

2 Kharasch and Sternfeld, ibid., 1939, 61, 2318. 

8 Buck, Elsner, Forbes, Morell, Smith, and Wallsgrove, J. Inst. Petroleum, 1948, 34, 339. 
* Dice, Loveless, and Cates, J. Amer. Chem. Soc., 1949, 71, 3546. 

5 Vanderwerf and Lemmerman, Org. Synth., 1949, 28, 8. 
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which with propylmagnesium bromide in benzene gave | : 2-dipropylcyclohexanol in 58% 
yield (Dice et al.4 record 27% from same reaction in ether) and some 2-propylcyclohexanol. 
However, the Grignard reaction of 2-allylcyclohexanone with butylmagnesium bromide in 
benzene gave 2-allyl-1-butylcyclohexanol in 80% yield, no reduction of the ketone being 
observed. Hydrogenation of the double bond proceeded smoothly under the conditions 


CO, Et 
R R R 
R — —> ol ‘ 
Oo Oo OH R 
Pal 
(I) ie 


O 
ga CH,*CH=CH, 
oa 


described above. Dehydration of | : 2-dipropyleyclohexanol with iodine and hydrogen- 
ation of the product were performed in the manner described by Dice et al.4 Dehydration 
of 1-butyl-2-propylcyclohexanol with iodine proceeded less readily than that of the lower 
homologue, and this method was impracticable with the higher 1 : 2-dialkyleyclohexanols. It 
is probable that each 1 : 2-dialkyleyclohexene obtained in this manner is a mixture of isomers 
which on hydrogenation give the same cyclohexane (mixture of cis-trans-isomers). 
Hydrogenation in the presence of palladised strontium carbonate yielded an incompletely 
saturated product. Satisfactory results were obtained by using Raney nickel at 
140°/110 atm. , 

The method of Kharasch and Sternfeld,? which was used by Dice e¢ al.4 for the prepar- 
ation of 2-alkyleyclohexanones from 2-chlorocyclohexanone, gave low yields. Further, 
the Grignard reactions of 2-alkylcyclohexanones give unpredictable yields and not altogether 
satisfactory products, because of the tendency of the ketone to reduction by the Grignard 
reagent to the 2-alkylcyclohexanol. A new approach, giving good yields, was investigated, 
which is believed to be generally applicable to the preparation of 1 : 2-dialkyleyclohexanes, 
although, so far, few compounds have been prepared by it. 

The ester (I; R = H) ® and butyl bromide were added to a solution of sodium 
methoxide and anhydrous sodium iodide in anhydrous methanol, and the mixture was 
heated for 12 hr. The butylated product was obtained in a yield of 82%. Attempts to 
hydrolyse it by relatively mild methods, e.g., with phosphoric acid 7 or potassium hydrogen 
carbonate in aqueous methanol (1: 1),® failed. The ester underwent hydrolysis and 
decarboxylation in hot 5% potassium hydroxide solution to 2-butylcyclohexanone in 62°, 
yield. The latter, with lithium alkyls, gave the dialkylcyclohexanols in high yields, which 
decreased with increasing size of the alkyl group: 1 : 2-dibutyl- (95%), 2-butyl-l-pentyl- 
(89°), and 2-butyl-1-hexyl-cyclohexanol (75%). The cyclohexanols were easily dehydrated 
indirectly by heating the carbinol first with hydrobromic acid (48%) and then with 
potassium hydroxide solution. The cyclohexenes, obtained in yields of 85° or more, were 
hydrogenated at high temperature and pressure. 

The physical constants of the 1 : 2-dialkylcyclohexanes are recorded in the Table. 

Infrared Spectra.—Thanks are due to Mr. F. H. L. Hastings for the determination of 
the spectra and to Dr. F. B. Strauss for their interpretation. 

Except for the stretching and bending regions the absorption bands of 1 : 2-dialkyl- 
cyclohexanes are relatively weak and require a cell length of 0-1 mm. Compounds 
containing CH, chains are characterised by a relatively intense absorption near 13-5 u. 

® Snyder, Brooks, and Shapiro, Org. Synth., Coll. Vol. II, 1943 p. 531; K6tz and Michels, Annalen, 
350, 204; Tiffeneau, Tehoubar, and Saiaslambert, Bull. Soc. chim., 1947, [5], 14, 445. 


? Dehn and Jackson, J. Amer. Chem. Soc., 1933, 55, 4284. 
® Lukes, Poos, Beyler, Johns, and Sarett, ibid., 1953, 75, 1711. 
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In the present series it can be shown by elimination that ethyl absorbs at 13-42, propyl at 
13-64, butyl at 13-79 u, but the change becomes negligible hereafter. The compounds with 
two different substituents show the corresponding two separate absorption maxima. All 
the compounds have two bands in common : at 8-7 and 9-05 uy. These are not contained 
in the spectra of the corresponding aromatic compounds. 


1 : 2-Dialkylcyclohexanes, CgHygRR’. 


R R’ B. p./mm. nz -_ 
Et Et 176-5—176-8°/760 1-4473 - 
Et Pr® 195-5—195-7°/738 1-4497 0-8181 
Pr® Pr® 214-7—215-0°/768 1-4510 0-8188 
Pre Bu® 112-1—112-4°/17 ) ast porate 

937° /760 J 1-4522 0-8218 

Bu® Bu® 120-4—120-5°/15 1-4536 0-8244 
Bu® n-C;H,, 136-6—136-8°/17 1-4546 0-8251 
But n-CgHy,  148-9—149-2°/16 1-4560 0-8264 


As in the aromatic series differentiation between 1 : 2-dialkyleyclohexanes becomes 
increasingly difficult as the molecular weight increases. 

Determination of Purity.—We are indebted to Mr. C. S. G. Phillips and Mr. I. W. Scott 
for the determination of the purities of these compounds by gas-liquid partition chrom- 
atography (cf. Part II). The chromatograms were free from extraneous peaks, which 
indicates a purity of at least 99%, and all, except 1l-ethyl-2-n-propylcyclohexane which 
was prepared by hydrogenation of the corresponding benzene derivative, showed a double 
peak. This indicates two very closely related compounds (geometrical isomers) present in 
nearly equal proportions. In the compounds of lower molecular weight, the first peak was 
slightly lower than the second, whilst in those of higher molecular weight the reverse was 
found true. 

A detailed report on the purity of the hydrocarbons described in this and the two 
preceding papers, and on their infrared and ultraviolet spectra and other physical 
properties, will be published elsewhere. 


EXPERIMENTAL 


1 : 2-Diethylcyclohexane.—o-Diethylbenzene (8 g.) in ethanol (15 c.c.) was hydrogenated, 
with Raney nickel as catalyst, at 200°/110 atm. (initial) during 8 hr. The liquid was diluted 
with ether and poured into water. The ethereal layer was worked up in the usual way. The 
product, distilled from sodium, gave 1 : 2-diethylcyclohexane (6-7 g.). 

1-Ethyl-2-propylcyclohexane.—o-Ethylpropylbenzene (13 g.) was hydrogenated as above. 
The product (11 g.) was heated under reflux with potassium for 1 hr. and distilled through a 
Dixon fractionating column (cf. Table) (Found: C, 85-5; H, 14-3. Calc. for C,,H..: C, 85-6; 
H, 144%). 

1 : 2-Dipropylcyclohexane.—2-Allylcyclohexanone ® (59 g.; b. p. 82—83°/13 mm.) was 
reduced with hydrogen under atmospheric pressure, with palladium-strontium carbonate as 
catalyst, to 2-propylcyclohexanone (91%), b. p. 79—80°/10 mm. Propylmagnesium bromide 
[from magnesium (25 g.) and propyl bromide (130 g.)] was prepared in solution in ether (600 c.c.) 
which was then replaced by dry benzene. To this solution 2-propylcyclohexanone (93 g.), in 
benzene (400 c.c.), was added dropwise. The mixture was heated under reflux for 4 hr. and 
was worked up in the usual manner. The product was distilled under reduced pressure and 
gave a low-boiling (b. p. 92—110°/14 mm.) and a main fraction of 1 : 2-dipropylcyclohexanol 
(58%), m. p. 13-5°, b. p. 111-5—112-5°/14 mm., n? 1-4693 (Dice et ai.* record b. p. 70—74°/7 
mm., #%° 1-4641). The low-boiling fraction was dehydrated by heating with hydrobromic acid 
followed by refluxing with an excess of concentrated potassium hydroxide solution. The 
unsaturated material was hydrogenated and the product was distilled from sodium. It yielded, 
on fractional distiliation, a product, b. p. 155-2—155-8°/760 mm., nv 1-4367 (which agree with 
the constants of propylcyc/ohexane), and then 1 : 2-dipropyleyclohexane, n} 1-4504. 

Dehydration of 1 : 2-dipropylcyclohexanol (61 g.) at 140—160° was catalysed by iodine 
(0-3 g.). The product was distilled from sodium to give 1 : 2-dipropylcyclohexene (48 g., 87%), 
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b. p. 213—214°, ni§ 1-4655 (Found: C, 86-7; H, 13-3. Calc. for C,,H,,: C, 86-7; H, 13-3%) 
(Dice et al.4 record b. p. 162—167°/748 mm.). The olefin was hydrogenated (cf. 1 : 2-dibutyl- 
cyclohexene), and the 1 : 2-dipropylcyclohexane (80%) which resulted was heated under reflux 
with potassium for 1 hr., then fractionally distilled through a Dixon column (Found: C, 85-7; 
H, 14-4. Calc. for C,,H,,: C, 85-6; H, 14-4%). 

1-Butyl-2-propylcyclohexane.—Butylmagnesium bromide [from magnesium (29-2 g.) and 
butyl bromide (165 g.)] was prepared in ether, which was then replaced by dry benzene (1 1.). 
2-Allyleycilohexanone (132 g., b. p. 82—83°/13 mm.) in benzene (260 c.c.) was added dropwise, 
and the mixture heated under reflux for 75 min. The usual treatment gave 2-allyl-1-butylcyclo- 
hexanol (150 g., 80%), b. p. 124—126°/12 mm., ni** 1-4800 (Found : C, 79-5; H, 12-3. C,3;H,,O 
requires C, 79-5; H, 12-3%). Reduction of this product with hydrogen under atmospheric 
pressure, with palladium-—strontium carbonate catalyst, gave 1-butyl-2-propylcyclohexanol, b. p. 
124—-126°/12 mm., n? 1-4688, in quantitative yield. The latter (115 g. crude) was dehydrated 
by iodine (0-35 g.) at 160° (bath) for 20 min. The temperature was then gradually raised until 
all volatile material had distilled. The partly dehydrated product was dried (CaCl,), iodine 
(0-2 g.) was added, and the mixture was heated and distilled as before. The olefin was distilled 
twice under reduced pressure from potassium. 1-Butyl-2-propylevclohexene had b. p. 173— 
174°/145 mm., n? 1-4647 (yield 80%). (Dice et al.4 record n? 1-4609). The olefin (45 g.) was 
hydrogenated in ethanol, with Raney nickel, at 140°/110 atm. (initial). When absorption 
stopped, the temperature was raised to 180° for 2 hr. The mixture was dissolved in ether and 
poured into water. The ethereal solution was separated and dried (MgSO,), and the ether was 
evaporated. To the ice-cold residue concentrated sulphuric acid (10 c.c.) was added, and the 
mixture was stirred vigorously for 1 hr., then poured on ice. The oil was separated, washed, 
dried (MgSO,), heated with potassium at 200°, and then fractionally distilled through a Dixon 
column, giving 1l-butyl-2-propylcyclohexane (70%) (Found: C, 85-8; H, 14:3. Calc. for 
Cy3;Heg: C, 85-6; H, 14-4%). 

1 : 2-Dibutylcyclohexane.—To a stirred cold mixture of butyl bromide (415 g.) and ethyl 
2-oxocyclohexanecarboxylate ® (415 g.) a solution of sodium methoxide (57 g. of sodium) and 
sodium iodide (67 g.) in anhydrous methanol (470 c.c.) was added dropwise during 45min. The 
solution was then allowed to warm to 0°, the liquid solidifying. The mixture liquefied at 60°, 
and was boiled under reflux for 12 hr. Methanol was distilled off and the residue poured into 
water. The aqueous layer was extracted with ether, and the extracts were combined with the 
oily layer and dried (MgSO,). After evaporation the residue was distilled through a 20 cm. 
Vigreux column, and the crude, colourless ethyl 1-butyl-2-oxocyclohexanecarboxylate (82%) 
was used without further purification. The ester (79 g.) was boiled with sodium hydroxide 
(78 g.) in methanol (780 c.c.) and water (780 c.c.) for 15 hr. To the cold solution concentrated 
hydrochloric acid (210 c.c.) was slowly added. After the considerable evolution of heat and 
carbon dioxide had ceased, the mixt:'re was heated to boiling during 1 hr. and was boiled under 
reflux for another hour. It was cooled and diluted with water (1-51.). The aqueous layer was 
extracted with light petroleum (b. p. 40—60°), and the extracts were combined with the oily 
layer. The solvent was evaporated from the dried solution, and the residue was distilled 
through a 40 cm. fractionating column ($” gauze rings), to give 2-butylcyclohexanone, b. p. 
93-5—94°/11 mm., nl? 1-4548 [2 : 4-dinitrophenylhydrazone, orange crystals (from ethanol), m. p. 
110—111° (Found : C, 57-7; H, 6-8. C,,.H,,0O,N, requires C, 57-5; H, 6-6%)]. 

A solution of butyl-lithium, prepared from lithium (11-8 g.), butyl bromide (91 g.), and ether 
(300 c.c.),® was cooled in ice-salt, and 2-butylcyclohexanone (50-3 g.) in ether (70 c.c.) was added 
dropwise with stirring during 45 min. Oxygen-free nitrogen was passed through the apparatus 
during the whole operation. When the addition was complete, the solution was stirred at room 
temperature for 1 hr. and was boiled under reflux for 1 hr. Next morning it was decomposed 
with ice and ammonium chloride. The ethereal solution was separated and dried (MgSO,), and 
the ether was evaporated. The residue was distilled, giving 1 : 2-dibutylcyclohexanol (95%), 
b. p. 132—134°/9 mm., ni® 1-4689 (Found: C, 79-4; H, 13-4. C,,H,,O requires C, 79-2; H, 
13-3%). 

The cyclohexanol (65-6 g.) and 48% hydrobromic acid (66 g.) were heated under reflux for 
1 hr., then cooled in ice, and a solution of potassium hydroxide (144 g.) in water (96 c.c.) was 
added. The mixture was heated under reflux for 90 min. The floating oil was separated and 


* Gilman, Beel, Brannen, Bullock, Dunn, and Miller, J. Amer. Chem. Soc., 1949, 71, 1499; Gilman 


and Esmay, ibid., 1953, 75, 278. 
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combined with the ethereal extract of the aqueous layer. The ether was evaporated from the 
dried solution, and the residue was heated with sodium at 200° for 30 min. and distilled, giving 
1 : 2-dibutylcyclohexene (88%), b. p. 114—115°/12 mm., nj? 1-4715 (Found: C, 86-4; H, 13-4. 
C,,He, requires C, 86-5; H, 135%). Hydrogenation of the olefin was carried out in ethanol 
with Raney nickel at 110 atm. (initial), the temperature being allowed to rise slowly to 200°. 
After treatment with sulphuric acid, the hydrocarbon was heated with potassium and distilled 
through a Dixon column, giving 1 : 2-dibutylcyclohexane (90%) (Found: C, 85-9; H, 14-4. 
C,,Ho, requires C, 85-6; H, 14-4%). 

1-Butyl-2-pentylcyclohexane——The methods used were similar to those described for the 
preparation of 1: 2-dibutylcyclohexane. 2-Butyl-1-pentylcyclohexanol was obtained from 
2-butylcyclohexanone (40 g.) and pentyl-lithium [from lithium (9 g.) and pentyl bromide (67 g.)], 
b. p. 151—153°/12 mm., nij 1-4698 (yield 89%) (Found: C, 79-7; H, 13-4. C,;H39O requires 
C, 79-6; H, 13-4%). 1-Butyl-2-pentylcyclohexene had b. p. 128—129°/11 mm., un? 1-4667 
(yield 85%) (Found: C, 86-6; H, 13-3. C,;He. requires C, 86-5; H, 13-5%). Hydrogenation 
of the olefin gave 1-butyl-2-pentylcyclohexane (85%) (Found : C, 85-8; H, 14-6. C,;H 39 requires 
C, 85-6; H, 14-4%). 

1-Butyl-2-hexylcyclohexane.—The methods employed were similar to those described for 
1 : 2-dibutylcyclohexane. 2-Butyl-1-hexylcyclohexanol, obtained by reaction of 2-butylcyclo- 
hexanone (50-3 g.) with hexyl-lithium [from lithium (11-8 g.) and hexyl bromide (110 g.)], had 
b. p. 167—168°/14 mm., n° 1-4690 (yield 76%) (Found: C, 80-2; H, 13-5. C,H 3,0 requires 
C, 79-9; H, 13-4°%). Since a small amount of u-dodecane may have been formed by the 
reaction of hexyl-lithium with hexyl bromide, the crude cyclohexanol was passed in light 
petroleum (b. p. 40—60°) through alumina. The column was eluted with light petroleum and 
then with ether. The pure cyclohexanol was dehydrated, yielding 1-butyl-2-hexylcyclohexene 
(87%), b. p. 144-5—145°/13 mm., n? 1-4653 (Found: C, 86-5; H, 13-5. C,sH3»9 requires C, 
86-4; H,13-6%). The olefin was hydrogenated, and the product was purified as described for 
1 : 2-dibutylcyclohexane, giving 1-butyl-2-hexylcyclohexane (84%) (Found: C, 85-9; H, 14-4. 
C,¢H3, requires C, 85-6; H, 14-4%). 

The authors of this and the preceding paper are indebted to Sir Robert Robinson, O.M., 
F.R.S. for his interest. Thanks are also offered to Dr. S. F. Birch (Research Station, 
British Petroleum Company) for his most helpful co-operation. One of us (H. E. S.) thanks 
the British Petroleum Company for a maintenance grant. 
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121. Synthesis of Cyclic Hydrocarbons. Part IV.* Alkylindanes. 
By B. B. ELsner and K. J. PARKER. 


Syntheses of fourteen alkylindanes, by methods which exclude simul- 
taneous formation of isomers, are described. 


ALTHOUGH many simple alkylindanes have been described, the methods generally used for 
their preparation have not necessarily led to the pure hydrocarbons, so the physical 
properties recorded are often of questionable accuracy. The infrared and ultraviolet 
spectra of alkylindanes had also been neglected until recently, when the spectra and 
physical properties of the monomethyl- and several dimethyl-indanes were published; ! 
the purity of these compounds was stated to be not less than 95%. 

The shortest direct route to the required alkylindanes has been used, namely, the 
synthesis of the alkyl-8-phenyl-propionic acid or -butyric acid and its cyclisation to the 
alkylindanone. Care has been taken to avoid isomerisation and to determine optimum 
conditions for each reaction. The general route is indicated in the annexed scheme (R = H 
or Me). 

The acids (I) are generally high-melting and readily purified by crystallisation. The 


* Part III, preceding paper. 
1 Entel, Ruof, and Howard, Analyt. Chem., 1953, 25, 1303; Entel, ibid., 1954, 26, 612. 
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isobutyric esters were prepared by the malonic ester synthesis, and the zsovaleric esters by 
a Reformatsky reaction. 

Diethyl 2-methylbenzyl- and diethyl methyl-2-methylbenzyl-malonate were preferably 
hydrolysed in two stages as hydrolysis of the second ester group was much slower than that 
of the first.2 On the other hand, both ester groups of diethyl 2 : 3-dimethylbenzyl- and 
methyl-(2 : 3-dimethylbenzyl)-malonate were readily hydrolysed. 


on cl Oo" CR(CO, a 
a 


R R 
R 
— R 
R 
oe i: CHR> co, bus 
- wae : 


2 oO 


(IV) (IIT) 


a-Methyl-8-0-tolylpropionic acid was exceptional in that it was liquid,® even after 
repeated crystallisation of the p-nitrobenzyl ester and regeneration of the acid by catalytic 
hydrogenolysis. 

In an attempt to prepare «- -methyl-£ 8-o-tolylbutyric acid, when 2-methylacetophenone 
was used in the Reformatsky reaction with ethyl «-bromopropionate (under the conditions 
used in the analogous reaction of 4-methylacetophenone), ethyl 2-methy]-3-o-tolylbut-2- 
enoate was obtained in low yield, most of the 2-methylacetophenone being recovered. The 
temperature (100°) at which the reaction was conducted was higher than is reported by 
Ruzicka and Ehmann ‘ to cause condensation in good yield; zinc dust, zinc foil, and 
a highly active zinc-copper couple ® gave the same result. As the bromozinc ester was 
formed smoothly, the failure of the reaction was possibly due to steric hindrance of the 
carbonyl group of the ketone by the o-methyl group.* Uncontrollable reaction of 2-methyl- 
acetophenone, ethyl bromoacetate, and zinc started when the addition of reactants was 
almost complete, and caused loss of all material : the reaction was not investigated further. 

Attempts to cyclise 8-o-tolylpropionic acid with sulphuric acid,’ toluene-f-sulphonic 
acid, or boron trifluoride failed. Stannic chloride ® had no effect on §-p-tolylbutyryl 
chloride in solution in light petroleum at room temperature. Anhydrous aluminium 
chloride may cause isomerisation ® and so is unsuitable : so is polyphosphoric acid ! since 
it causes self-condensation of the resulting indanone, and may also promote isomerisation.!! 
However, in the presence of anhydrous hydrogen fluoride, the isobutyricfacids underwent 
ring-closure quantitatively, the only losses occurring during isolation and purification. 
It was necessary to exclude atmospheric moisture since the reaction, unless it is very rapid, 
stops when the hydrogen fluoride has absorbed sufficient moisture, and cyclisation is then 

* Cf. Pfau and Plattner, Helv. Chim. Acta, 1939, 22, 202. 

* Fusco and Rossi, Gazzetta, 1948, 78, 524. 

* Ruzicka and Ehmann, Helv. Chim. Acta, 1932, 15, 140. 

5 Howard, J. Res. Nat. ‘Bur. Stand., 1940, 24, 677. 

°c. Dippy and Parkins, J., 1951, 1570. 

? Bachmann and Raunio, i A Amer. Chem. Soc., 1950, 72, 2530. 

® Pines, Strehlau, and Ipatieff, ibid., 1949, 71, 3534. 


:, ® Baddeley, Holt, and Makar, J., 1952, 3289; Colonge and Weinstein, Bull. Soc. chim. France, 
951, 961. 


10 Snyder and Werber, J. Amer. Chem. Soc., 1950, 72, 2965. 
11 Mosby, J. Org. Chem., 1953, 18, 485. 
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incomplete. The product was pure except for a trace of yellow polymer which remained 
as a residue when the product was distilled in steam. 

Anhydrous hydrogen fluoride is the only known catalyst for this reaction which 
combines the necessary activity with a freedom from undesirable side-reactions such as 
self-condensation, rearrangement, or substitution. It does not cause migration of 
substituents in aromatic compounds at room temperature,!* except by intramolecular 
displacement of an alkyl group by an acylonium ion which takes place only if the altern- 
ative cyclisation, with displacement of a proton, is not possible.!* 

The orientation of 4 : 5-dimethylindanone was proved by oxidising it to mellophanic 
acid (VI). Although either of the structures (VII) or (VIII) would have given mellophanic 





Me CO,H Me 
Me Y “~COH 
— | 
SNS / CO2H Me 
O CO,H Me O Me O 
(VI (VII) (VIII) 


acid on oxidation, these were excluded because the former represents the known 4 : 7-di- 
methylindanone and they would have been expected to show diminished reactivity 
towards semicarbazide and hydroxylamine, owing to steric hindrance of the carbonyl 
group by the 7-methyl group, as has been observed with 3 : 4 : 7-trimethylindanone. 

As an alternative route to alkylindanones, the reaction of p-xylene with crotonic acid 
in the presence of anhydrous hydrogen fluoride at room temperature was investigated. 
Hydrogen fluoride has been used at 80° under pressure as a catalyst for this type of reaction 
by Hart and Tebbe.™ As hydrogen fluoride has been observed to promote the transfer of 
the methyl group from xylene to benzene at higher temperatures,?® it is desirable that the 
reaction be conducted at room temperature. It was found that, although #-xylene is 
soluble in anhydrous hydrogen fluoride in the presence of a molar proportion of crotonic 
acid, it soon separated from solution. The apparatus was unsuitable for the vigorous 
long agitation and reaction was thereby limited to the interface of the two phases: 
consequently, after 96 hr. the yield of 3 : 4 : 7-trimethylindanone was only 14%. 

The alkylindanones were reduced to the corresponding alkylindanes (III) by the 
Clemmensen method. Traces of the alkylindene were also formed,!® but were removed 
when the product was heated with potassium. The Huang-Minlon modification of the 
Wolff—Kishner reaction is unsuitable for the reduction of indanones. 

The alkylindanones with methylmagnesium iodide gave the corresponding alkyl-1- 
methylindanol (IV), although the use of the more reactive alkyl-lithium is preferable for 
the introduction of alkyl groups other than methyl. Indanones unsubstituted in position 2 
also give a solid by-product during this reaction, which probably results from self-condens- 
ation at position 2, since 2-substituted indan-l-ones, in which the position is blocked, give 
the normal product in high yield. To reduce the extent of this side-reaction, the con- 
centration of the alkylindanone is kept as low as possible during the Grignard reaction. 
The side-reaction is even more pronounced with the less stable indan-2-one,!* so that 
reaction with hexylmagnesium bromide gave none of the required product. 

The alkyl-1-methylindanols were too unstable to be isolated in the pure state,!® which 
obviated the need for a vigorous dehydrating agent which usually causes some polymeris- 
ation of the product.’ The alkyl-l-methylindanol underwent quantitative conversion 

#2 Calcott, Tinker, and Weinmayr, J]. Amer. Chem. Soc., 1939, 61, 1010. 

18 Badger, Caruthers, and Cook, J., 1949, 2044; Aitken, Badger, and Cook, J., 1950, 331. 

™ Hart and Tebbe, J. Amer. Chem. Soc., 1950, 72, 3286. 

‘© Lee and Radford, U.S.P. 2,416,184. 

16 Levy, Ann. Chim., 1938, 9, 5. 

17 Plattner and First, Helv. Chim. Acta, 1945, 28, 1636. 


18 Cf. von Braun and Kirschbaum, Ber., 1913, 46, 3046. 
1# Jamison, Lesslie, and Turner, J. Inst. Petroleum, 1949, 35, 615. 
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into the corresponding alkylindene (V), without any appreciable polymerisation, when 
heated in benzene with a small amount of dilute aqueous sulphuric acid. Under these 
conditions the position of the double bond of the alkylindene is fixed.° 

1:2:4-TIrimethyl- and 1:2:4:5-tetramethyl-indene were the only two hydro- 
carbons prepared in this investigation which formed picrates sufficiently stable for 
isolation. The picrate of the former could not be recrystallised, as it was partly dissociated 
in solution and only the less soluble component crystallised; the picrate of the latter was 
stable. The picrates of the corresponding indanes could not be isolated. 

Unless the alkylindene could be purified by crystallisation, the product was converted 
directly into the alkylindane by catalytic hydrogenation, since the alkylindenes are 
insufficiently stable to be fractionally distilled, even in the presence of polymerisation- 
inhibitors, while oxygenated impurities could not be removed by the usual methods. 
The alkylindanes were purified by heating them with potassium at 145° for two hours, 
before being fractionally distilled. 

Several of the methylindanes described here can have geometrically isomeric forms, 
although no alkylindane has previously been reported to have been obtained as the pure 
stereoisomer. By analogy with the dimethylcyclopentanes, the isomers should differ 
slightly in physical properties, but it is uncertain as to whether the difference in boiling 
point is sufficient to have permitted the u »aplete separation of the cis- and trans-isomers 
of 1:2:5- and 1:3: 5-trimethylindane, and of the cis-cis- and cis-trans-isomers of 
1: 2:3: 5-tetramethylindane. 

Hydrogenation of a double bond in the presence of palladium under mild 
conditions has been shown to result almost exclusively in cis-addition,24 and selective 
catalytic hydrogenation of disubstituted acetylenes produces exclusively the cis-olefins.”* 
Consequently, it may be inferred that 1:2:4-trimethyl- and 1: 2:4: 5-tetramethyl- 
indane, prepared by the catalytic hydrogenation of the corresponding indene at room 
temperature, have been obtained as the cis-isomer. Determinations of purity by vapour- 
phase partition chromatography have shown these two compounds to be pure. 

Infrared Spectra.—The infrared spectra of 4-methyl-, 2: 4- and 4: 5-dimethyl- and 
2:4:5- and 3:4: 7-trimethyl-indanone, and of 1:2:4 and 1:4: 5-trimethyl- and 
1: 2:4: 5-tetramethyl-indene were determined for comparison with those of the alkyl- 
indanes. 

rhe carbonyl absorption maxima of the methylindanones (5-88 + 0-02 u) accord with 
the usual finding that in five-membered ring ketones the characteristic band wavelength 
has decreased as a result of ring strain. This effect is apparent, despite the expected 
bathochromic shift in wavelength due to «$-unsaturation. 

The methylindenes show absorption maxima at approximately 6-1 and 6-3 yu, corre- 
sponding to the stretching frequency of a conjugated double bond. A band also appears 
at approximately 7-18 », which, although outside the double-bond stretching frequency, 
is absent from the spectra of all the alkylindanes studied and may therefore be characteristic 
of the indene nucleus. 

Isomeric alkylindanes are readily identified. The spectra of all the compounds studied 
showed absorption bands corresponding to the out-of-plane vibrations of the hydrogen 
atoms of the aromatic ring. These bands are characteristic of the positions of substitution 
of the aromatic ring, as found in the benzene series. These bands are found for indanes : 
unsubstituted in the aromatic ring at 13-3—13-5 uw; 4-substituted at 12-9—13-1 xu; 
5-substituted at 12-3—12-38 u; and 4: 5-substituted at 12-2—12-5 p. The bands appear- 
ing in the overtone regions between 5 and 6 yu are also characteristic of each group and are 
suitable for the determination of the position of substituents in the aromatic ring. 
Determination of Purity—The authors are indebted to Messrs. C. S. G. Phillips and 


*° Koelsh and Scheiderbauer, J. Amer. Chem. Soc., 1943, 65, 2311. 
*! Linstead and his collaborators, ibid., 1942, 64, 1985 et seq. 
*2 Elsner and Paul, J., 1953, 3158 
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I. W. Scott for the determination of the purities of these alkylindanes by gas-liquid é 
partition chromatography (cf. Part II). 

Of the fourteen indanes investigated eight gave single peaks, indicating a purity of at 
least 99°,. The other six appeared to decompose on the column, giving a quantity of ‘ 
very low-boiling material and two separate peaks. The following experiments have been 1 
carried out to investigate this decomposition. (1 

(1) The material represented by the first peak of the 1:3: 5-trimethylindane was i C 





collected and re-injected into the apparatus. It emerged unchanged. (2) The material l 
of both peaks was collected separately and tested for unsaturation. Only the material of (1 
the smaller, second peak proved to be unsaturated. (3) 1:2: 4- and 1: 4: 5-Trimethyl- 1 
and 1 : 2: 4: 5-tetramethyl-indene gave no peak due to very low-boiling material, andone_ [ 6 
single peak which corresponded to the smaller unsaturated peak produced by the corre- : 
sponding indane. This suggests that some of the indanes decompose into the corre- : 
sponding indenes and a stable saturated compound. 6 
Isomeric indanes, other than stereoisomers, were completely separated, giving discrete , 
peaks obtained from the pure compound. This indicates that the indanes are free from 
structural isomers. b 
Some properties are reported in the annexed Table. A full report on the purity of the (4 
prop po po purit} 
alkylindanes described in this paper, as determined by vapour-phase chromatography, and of 
of their infrared and ultraviolet spectra and other physical properties will be published a 
elsewhere. = 
Indane B. p./mm. 0 nzo ns tl 
i asisiniststenaidiinliieiiiiiiibestaailsual 85-4°/15  — 0-9577 1-5356 15333 w 
LF LLP: 88-8/13 0-9515 1-5265 1-5245 T 
UIE: i alisaiisstonindibcchiiaiaaiosateten 89-6/13 0-9370 1-5222 1-5202 8: 
DS Og. seccncecvscescccnssncsssccseescescse 92-8/14 0-9314 1-5219 1-5197 -. 
GS Gey, csvcesccvcccescessscescsccssseseccss 103-7/14 0-9648 1-5393 1-5373 ? 
BIE SE BN ecncsecnsecsevensianasensce 95-6/11 0-9333 1-5201 1-5181 et 
DSC  ceneciasccscctdcnceveiesuctnee 94-2/12 0-9136 1-5128 1-5108 C, 
PSG S, « secccsssnsccceccanssssaveseect 97-1/14 0-9233 1-5160 1-5138 li 
RCURINIIS « ccctestonecsinanatnantineniiss 115-8/15 0-9393 1-5288 1-5268 1 
COL, ecnpnevnsniensdsedacctecsneets 109-4/12 0-9361 1-5262 1-5240 , 
\ J. ene 109-8/12 0-9305 1-5193 1-5173 sf 
OE SS 5S Bg ccsavissnactoreisseecies 118-9/14 0-9437 1-5254 1-5234 a 
eee peeganeadeebesssebusssneesess 113-2/9 0-9226 1-5137 1-5117 8: 
J RCRA REALE 143-8/11 0-9091 1-5070 1-5052 (E 
EXPERIMENTAL . 
Substituted 8-Phenylpropionic Acids.—The substituted benzyl chloride ** (1 mole) was C 
allowed to react with a suspension of diethyl sodiomalonate (1 mole) or methylsodiomalonate a 
(1 mole) in boiling benzene (1 1.). When the reaction was complete (8 hr.), the mixture was C 
washed with water containing a trace of hydrochloric acid, and again with water, and the C 
benzene solution was fractionally distilled. The following were prepared: diethyl 2-methy]l- 13 
benzylmalonate (207-8 g., 78:7%), b. p. 133°/0-2 mm., 2} 1-4940 (Found: C, 68-1; H, 7-4. Ei 
Calc. for C,;H,,0,: C, 68-2; H, 7-6%) (Hoch* gives b. p. 180—182°/15 mm.); diethyl 
methyl-2-methylbenzylmalonate (240-7 g., 86-6%), b. p. 105—106°/0-08 mm., n}? 1-4919 (Found : H 
C, 69-3; H, 8-1. Calc. for C,,H,.O,: C, 69-1; H, 8-0%) (Bachmann ef al.** give b. p. 184— i 
190°/21 mm.); diethyl 2: 3-dimethylbenzylmalonate (244 g., 87-5%), m. p. 41-5—42-5°, b. p. Bi 
122°/0-05 mm. (Found : C, 69-2; H, 8-0. C,,H,.O, requires C, 69-1; H, 8-0%); diethyl (2: 3- C 
dimethylbenzyl)methylmalonate (274 g., 94%), b. p. 126°/0-15 mm., ni? 1-4960 (Found: C, 3 
69-6; H, 8-1. C,,H,,O, requires C, 69-8; H, 8-3%). tre 
The malonic ester was heated with an excess of potassium hydroxide in 75% aqueous . 
ethanol for 2 hr. The ethanol was allowed to distil off, and the ice-cold solution was made Z 
strongly acid with hydrochloric acid. The malonic esters derived from 2-methylbenzyl chloride ne 
gave predominantly the corresponding half-ester, whereas those derived from 2: 3-dimethy]- 
benzyl chloride gave the pure malonic acid. The product was decarboxylated to give either an | 
#3 Smith and Spillane, J. Amer. Chem. Soc., 1940, 62, 2639. | 
* Hoch, Compt. rend., 1931, 192, 1464. H 


*5 Bachmann, Cook, Hewett, and Iball, J., 1936, 54. 
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ester, which was then hydrolysed to the acid, or an acid. The following were thus obtained : 
§-2-methylphenylpropionic acid (82-2 g., 63-9%), m. p. 103—104° (Found: C, 73-0; H, 7-6. 
Cale. for Cy9H,,0,: C, 73-1; H, 7-4%) (lit.,2® m. p. 102—103°) [p-bromophenacyl ester, m. p. 
74—-74-5° (Found: C, 59-7; H, 4:7; Br, 22-1. C,,H,,O,Br requires C, 59-9; H, 4-7; Br, 
22-1%)]; «-methyl-$-2-methylphenylpropionic acid (146-3 g., 95-2%), b. p. 110°/0-035 mm., 
174°/15 mm., ni8 1-5202 (Found: C, 74:0; H, 8-0. Calc. for C,,H,,0,: C, 74:1; H, 7-7%) 
(Bachmann e¢ al.?5 give b. p. 179—180°/20 mm.) [p-nitrobenzyl ester, m. p. 65—65-5° (Found : 
C, 69-3; H, 6-3; N, 4-4. C,.H,,0O,N requires C, 69-0; H, 6-1; N, 4-5%); amide, m. p. 109-5— 
110° (Found: C, 74:4; H, 8-6; N, 7-9. Calc. for C,,H,,;ON: C, 74:5; H, 8-5; N, 7-9%) 
(Fusco and Rossi 3 give m. p. 95°)]; 8-2 : 3-dimethylphenylpropionic acid (118-5 g., 77-7%), m. p. 
116—117°) (Found: C, 74:1; H, 7-9%) [p-bromophenacyl ester, m. p. 89-5—90° (Found: C, 
60:7; H, 5-1; Br, 21-4. C,.H,,0,;Br requires C, 60-8; H, 5-1; Br, 21-3%); amide, m. p. 
116—116-5° (Found : C, 74-3; H, 8-7; N, 8-2%)]; 8-2: 3-dimethylphenyl-a-methylpropionic acid 
(167 g., 87%), m. p. 72-5—73-5°, b. p. 124°/0-05 mm., 177°/15 mm. (Found: C, 74-9; H, 8-2. 
C,2H,,O, requires C, 74-9; H, 8-4%) [p-bromophenacyl ester, m. p. 79-5—80-0° (Found: C, 
61-5; H, 5-3; Br, 21-8. C,9H,,O,Br requires C, 61-7; H, 5-4; Br, 21-5%); amide, m. p. 
117-5—118° (Found: C, 75-3; H, 8-9; N, 7-5. C,,H,;ON requires C, 75-3; H, 9-1; N, 7-3%)]. 

Substituted 8-Phenylbutyric Acids.—2- or 4-Methylacetophenone (1-2 moles) and ethyl 
bromoacetate (1-3 moles) or ethyl a-bromopropionate (1-3 moles) in a mixture of benzene 
(400 c.c.) and toluene (300 c.c.) were allowed to react with zinc dust (1-5 g.-atoms) in the presence 
of mercuric bromide (5 g.) under reflux. After 2 hr. the solution was treated with 20% sulphuric 
acid (750 c.c.), and the organic phase was separated and washed with potassium hydrogen 
carbonate solution and with water until free from zinc salts. The solvent was evaporated, and 
the crude residue dehydrated by anhydrous formic acid (300 c.c.) at 80° for l hr. The product 
was isolated in the usual manner, and was fractionally distilled through a short Vigreux column. 
The following substituted cinnamic esters were obtained : ethyl 3-p-tolylbut-2-enoate (217-4 g., 
83%), b. p. 158—164°/18 mm. (Found: C, 76-8; H, 7-7. Calc. for C;3;H,,O,: C, 76-4; H, 
7-9%) (Ruzicka and Ehmann £ give b. p. 158—160°/15 mm.); ethyl 2-methyl-3-p-tolylbut-2- 
enoate (213-7 g., 81-7%), b. p. 152—154°/18 mm. (Found: C, 76-9; H, 8-3. Calc. forC,,H,,0,: 
C, 77-0; H, 8-3%) (lit.,27 b. p. 141—141-5°/11 mm.); the o-tolyl isomer (25 g., 9-6%), b. p. 152— 
158°/20 mm. (lit.,4 b. p. 128—132°/11 mm.), was hydrolysed directly to the acid, m. p. 160-5— 
161-5° (Found : C, 76-0; H, 7-4. C,.H,,O, requires C, 75-8; H, 7-4%) [p-nitrobenzyl ester, m. p. 
89-5—90° (Found: C, 69-9; H, 5-8; N, 4:4. C,).H,,0O,N requires C, 70-2; H, 5-9; N, 4:3%); 
amide, m. p. 161-5—162° (Found: C, 76-1; H, 7-8; N, 7-1. C,,H,,;ON requires C, 76-2; H, 
8-0; N, 7-4%)]. Ethyl 3-p-tolylbut-2-enoate on hydrolysis gave the acid, m. p. 134—135° 
(Found: C, 75-1; H, 6-8. Calc. for C,,H,,0,: C, 75-0; H, 6-9%) (lit.,28 m. p. 134°) [p-bromo- 
phenacyl ester, m. p. 149—150° (Found: C, 61-2; H, 4:8; Br, 21-8. C,,H,,O,Br requires C, 
61-1; H, 4:6; Br, 21-4%); amide, m. p. 130-5—131° (Found: C, 75-2; H, 7-6; N, 7-9. 
C,,H,,ON requires C, 75-4; H, 7-5; N, 8-0%)]. The acid on catalytic hydrogenation (Raney 
nickel) gave 8-p-tolylbutyric acid, m. p. 90-5—91-5° (Found: C, 74:4; H, 7-8. Calc. for 
C,,H,,0,: C, 74:1; H, 7-9%) (lit.,28 m. p. 91°) [p-bromophenacyl ester, m. p. 81—82° (Found : 
C, 60-8; H, 4:9; Br, 21-7. C,gH,,O,Br requires C, 60-8; H, 5-1; Br, 21-3%); amide, m. p. 
120—121° (Found: C, 74-3; H, 8-4; N, 8-0. C,,H,,ON requires C, 74-5; H, 8-5; N, 7-9%)]. 
Ethyl 2-methyl-3-p-tolylbut-2-enoate was hydrogenated over palladium, and the product was 
hydrolysed directly to «-methyl-8-p-tolylbutyric acid, m. p. 132-5—133-5° (Found: C, 74-9; 
H, 8-6. Calc. forC,,H,,O,: C, 74-9; H, 8-4%) (lit.,2®m. p. 133—133-5°) [p-bromophenacyl ester, 
m. p. 101-5—102° (Found: C, 61-4; H, 5-6; Br, 21-0. C,,H,,O,Br requires C, 61-7; H, 5-4; 
Br, 20-5%); amide, m. p. 139-5—140° (Found: C, 75-4; H, 9-1; N, 7-2. C,,H,,ON requires 
C, 75-3; H, 9-0; N, 7-3%)]. 

Substituted Indanones.—The pure 8-phenyl-propionic or -butyric acid (75—100 g.) was 
treated with anhydrous hydrogen fluoride (500—650 g.) in a closed copper vessel, fitted with a 
paraffin oil-sealed stirrer and an outlet tube and set aside with occasional gentle stirring at room 
temperature for 96 hr. The excess of hydrogen fluoride was evaporated, and the residue was 
neutralised with aqueous sodium acetate. The product was either extracted with ether and 


26 Hickinbottom and Porter, J. Inst. Petroleum, 1949, 35, 629. 
27 Rupe, Steiger, and Fiedler, Ber., 1914, 47, 63. 
28 Rupe and Wiederkehr, Helv. Chim. Acta, 1924, 7, 654. 
*® Campbell and Soffer, J. Amer. Chem. Soc., 1942, 64, 417. 
x 
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fractionally distilled or, if solid, separated, steam-distilled, and crystallised from methanol. 
The following were obtained: 4-methylindanone (96-9%), m. p. 98—98-5° (Found: C, 82-2; 
H, 7-0. Calc. for C,,H,,O: C, 82-1; H, 6-9%) (lit..2¢ m. p. 97—98°) {2 : 4-dinitrophenyl- 
hydrazone, m. p. 284° (decomp.) (Found: C, 59-1; H, 4:2; N, 17-5. Calc. for C,,H,,0,N, : 
C, 59-9; H, 4-3; N, 17-2%) (lit.,26 m. p. 280°); semicarbazone, m. p. 265—266° (decomp.) 
(Found: C, 65-0; H, 6-3; N, 20-5. Calc. for C,,H,,ON,: C, 65-0; H, 6-5; N, 20-7%) [lit.,°° 
m. p. 260° (decomp.)]}; 2: 4-dimethylindanone (95-3%), m. p. 36—37°, b. p. 130—134°/14 mm. 
(Found : C, 82-4; H,7-7. Calc. forC,,H,,0: C, 82-5; H, 7-6%) (lit.,25 b. p. 147—-149°/20 mm. 
[2 : 4-dinitvophenylhydrazone, m. p. 213—214° (Found : C, 59-8; H, 4-9; N, 16-4. C,,Hj,O,N, 
requires C, 60-0; H, 4-7; N, 16-5%); semicarbazone, m. p. 227—-228° (decomp.) (Found: C, 
66-0; H, 7-0; N, 19-1. Calc. for C,,H,,ON,: C, 66-3; H, 7-0; N, 19-3%) (lit.,25 m. p. 224— 
225°)]; 4: 5-dimethylindanone (79%), m. p. 96-5—97° (Found: C, 82-7; H, 7-6. C,,H,.0 
requires C, 82-5; H, 7-6%) [2: 4-dinitrophenylhydrazone, m. p. 283—284° (Found: C, 59-8; 
H, 5-0; N, 16-3. C,,H,,0,N, requires C, 60-0; H, 4-7; N, 16-5%); semicarbazone, m. p. 281— 
282° (decomp.) (Found: C, 65-7; H, 7-1; N, 19-5. C,,H,,ON, requires C, 66-3; H, 7-0; N, 
19:3%); oxime, m. p. 204-5—205° (Found: C, 75-5; H, 7-5; N, 7-3. C,,H,,ON requires C, 
75-4; H, 7-5; N, 7:3%)]; 2:4: 5-trimethylindanone (94-4%), m. p. 46—46-5°, b. p. 154°/11 mm. 
(Found: C, 82-5; H, 8-0. (C,,H,,O requires C, 82-7; H, 8-1%) [2: 4-dinitrophenylhydrazone, 
m. p. 215—216° (Found : C, 60-8; H, 5-1; N, 15-4. C,,H,,0,N, requires C, 61:0; H, 5-1; N, 
15-8%); semicarbazone, m. p. 243—244° (decomp.) (Found: C, 67-6; H, 7-4; N, 18-0. 
C,3H,,ON, requires C, 67-5; H, 7-4; N, 18-2%)]; 3: 6-dimethylindanone (94-3%), b. p. 130 
134°/10 mm., n?} 1-5522 (Found: C, 82-5; H, 7-7. Calc. for C,,H,,O: C, 82-5; H, 7-6%) 
(lit.* b. p. 100—102°/5 mm., mn? 1-5518) {2: 4-dinitrophenylhydrazone, m. p. 271—272° 
(decomp.) (Found: C, 60-2; H, 4:8; N, 16-7. Calc. for C,,H,,O,N,: C, 60-0; H, 4:7; N, 
16-5%) (lit.,2 m. p. 271—273°); semicarbazone, m. p. 228-—229° (decomp.) (Found: C, 66-4; 
H, 6-8; N, 19-4. Calc. forC,,H,,ON, : C, 66-3; H, 7-0; N, 19-3%) [lit.,* m. p. 225° (decomp.)]} ; 
2:3: 6-trimethylindanone (90%), b. p. 722—73°/0-15 mm., n® 1-5407 (Found: C, 82-9; H, 8-2. 
C,.H,,O requires C, 82-7; H, 8-1%) [2 : 4-dinitrophenylhydrazone, m. p. 207—208° (Found: C, 
61-0; H, 5-1; N, 15-9. C,,H,,O,N, requires C, 61-0; H, 5-1; N, 15-8%); semicarbazone, m. p. 
210-5—211-5° (Found: C, 67-6; H, 7-4; N, 18-3. C,,;H,,ON, requires C, 67-5; H, 7-4; N, 
18-2%)]. 

3: 4: 7-Trimethylindan-1-one.—p-Xylene (n?? 1-4958; 80 g.) and crotonic acid (64-4 g.) were 
treated with anhydrous hydrogen fluoride (600 g.) in a closed copper vessel, and the solution 
was gently stirred for 30 min. and kept at room temperature for 96 hr. 3:4: 7-Trimethyl- 
indanone (19 g., 14%), isolated in the usual manner, had m. p. 30-—31°, b. p. 150—151°/17 mm. 
(Found: C, 82-5; H, 8-1. Calc. for C,,H,,O: C, 82-7; H, 8-1%) (lit.,34 m. p. 32—33°, b. p. 
146—148°/15 mm.) [p-nitrophenylhydrazone, m. p. 197—198° (Found: C, 69-5; H, 6-4; N, 
13-5. Calc. for C,,H,,O.N,: C, 69-9; H, 6-2; N, 13-6%) (lit.,34 m. p. 195°); 2: 4-dinitro- 
phenylhydrazone, m. p. 247-5—248-5° (Found: C, 61-0; H, 5-1; N, 15-9. C,gH,,0,N, requires 
C, 61-0; H, 5-1; N, 15-8%) 

Oxidation of 4: 5-Dimethylindan-1-one.—A suspension of the indanone (2-7 g.) in an excess 
of an alkaline solution of potassium permanganate (27 g.) was heated at 80° for 34 hr. The 
product, isolated in the usual manner, had m. p. 231—232° (Found: C, 47-k; H, 2-5. Calc. 
for C,,H,O,: C, 47-3; H, 2-4%) (Fieser and Peters ** give mellophanic acid, m. p. 236°) (Me, 
ester, m. p. 128° and mixed m. p. 128—129° (Found: C, 54:3; H, 4-7. Calc. for C,,H,,0,: C, 
54-2; H, 4-6%) (lit.,5* m. p. 129—130°)]. 

Clemmensen Reduction of the Substituted Indanones.—The indanone (25 g.) in ethanol (125 c.c.) 
was slowly added to a boiling mixture of concentrated hydrochloric acid (105 c.c.), water 
(35 c.c.), ethanol (10 c.c.), and amalgamated zinc (100 g.) during 6 hr. Further acid (50 c.c.) 
was then slowly added. After 24 hr. the mixture was poured into water, and the product was 
isolated in the usual manner. The alkylindane was twice heated with potassium at 145—150° 
for 2 hr. and fractionated through a column (49 x 0-7 cm.) packed with stainless-steel gauze 
spirals (1/16 in.) ** which had an efficiency greater than 25 theoretical plates at atmospheric 
pressure. The fractions of constant b. p. were combined and distilled from sodium in order to 

%@ Chakravarti, J. Indian Chem. Soc., 1943, 20, 393. 

31 Von Auwers and Risse, Annalen, 1933, 502, 282. 

32 Fieser and Peters, J. Amer. Chem. Soc., 1932, 54, 4347. 


33 Dixon, J. Soc. Chem. Ind., 1949, 68, 88, 119. 
* Quiggle and Fenske, J. Amer. Chem. Soc., 1937, 59, 1829. 
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remove traces of silicones dissolved from the tap-grease. The hydrocarbon was redistilled, 
and the receiver was sealed. 

The following were obtained: 4-methylindane (21-1 g., 93-3%) (Found: C, 90-8; H, 9-2. 
Calc. for CyoH,,: C, 90-8; H, 9-2%) (lit.,2° b. p. 203-9°/760 mm., nf 1-5358); 2: 4-dimethyl- 
indane (20-8 g., 91:1%) (Found: C, 90-5; H, 9-5. C,,H,, requires C, 90-35; H, 9-65%); 
4: 5-dimethylindane (19-25 g., 84-39%) (Found: C, 90-5; H, 98%); 2:4: 5-trimethylindane 
(21-3 g., 92-6%) (Found: C, 90-2; H, 10-0. C,.H,, requires C, 89-9; H, 10-1%); 1: 5-di- 
methylindane (20-9 g., 91-6%) (Found: C, 90-3; H, 9:-6%); 1:2: 5-trimethylindane (20-5 g., 
89-2%) (Found: C, 89-9; H, 10-1%). 

Reaction of Substituted Indanones with Methylmagnesium Iodide.—The indanone (25 g.) in 
ether (100 c.c.) was added during 14 hr. to ethereal methylmagnesium iodide (from magnesium, 
8 g.) cooled in ice. After a further hour at 0° the solution was heated under reflux for 1 hr. 
The product was decomposed with aqueous ammonium chloride, and the ethereal solution was 
separated, washed with water, dried (MgSO,), and evaporated. 

A modified procedure was followed for the reaction of 4-methyl- and 4 : 5-dimethyl-indanone, 
which partly underwent self-condensation in the presence of the Grignard reagent. The 
indanone (25 g.) in ether (800 c.c.) was added to the solution of methylmagnesium iodide during 
5 hr., with efficient stirring and ice-cooling. After a further hour ether (750 c.c.) was distilled 
from the mixture, which was then treated as before. 

In every experiment the 1-methylalkylindan-l-ol partly decomposed with the separation of 
water during the evaporation of the ether. Dehydration was completed by heating the product 
in benzene (100 c.c.) with aqueous 10% sulphuric acid (15 c.c.) at 80° for 1 hr. The solution 
was separated, washed with potassium hydrogen carbonate solution and with water, and 
evaporated. The residual alkylindene was either crystallised from methanol or distilled under 
reduced pressure. Hydrogenation over palladium at room temperature and 1 atmosphere gave 
the alkylindanes, which were purified as described above. The following were obtained : 
1 : 4-dimethylindene (19-8 g., 78-1%), m. p. 14°, b. p. 105—107°/13 mm., nl? 1.5578; 1: 4-di- 
methylindane (90-7%) (Found : C, 90-4; H, 9-8. C,,H,, requires C, 90-35; H, 9-65%); 1:2: 4- 
trimethylindene (21 g., 85%), m. p. 76-5—77-5° (Found: C, 90-8; H, 8-75. C,,H,, requires C, 
91-1; H, 8-9%) [picraie, m. p. 95-5—96° (Found: C, 55-6; H, 4-5; N, 10-9. C,,H,,0O,N, 
requires C, 55-8; H, 4:4; N, 10-9%)]; cis-1: 2: 4-tvimethylindane (93-9%) (Found: C, 89-9; 
H, 10-1. C,,H,, requires C, 89-9; H, 10-1%); 1:4: 5-trimethylindene (19-6 g., 79-4%), m. p. 
23-—23-5°, b. p. 124—126°/14 mm., nu 1-5579 (Found : C, 91-2; H, 8-9%); 1:4: 5-trimethyl- 
indane (96%), (Found: C, 90-1; H, 10-0%); 1:2: 4: 5-tetramethylindene (21-4 g., 86-6%), 
m. p. 54—54-5° (Found: C, 90-6; H, 9-3. C,,H,, requires C, 90-6; H, 9-4%) [picrate, m. p 
94—94-5° (Found: C, 56-9; H, 4:8; N, 10-7. C,.H,,O,N, requires C, 56-9; H, 4-8; N, 
10-5%)]; cis-1: 2:4: 5-tetramethylindane (94-8%) (Found: C, 89-9; H, 10-4. C,,;H,, requires 
C, 89-6; H, 10-4%); 1:3: 6-trimethylindene (19-6 g., 65%), b. p. 99-5—101-5°/10 mm., n? 
1-5461 (lit.,35 b. p. 103—104°/14 mm., n? 1-5478); 1:3: 5-trimethylindane (92-8%) (Found : 
C, 89-8; H, 10-3%) (lit.,35 b. p. 98—99°/14 mm., nv 1-5206); 1:2:3: 6-tetramethylindene 
(23-8 g., 92-6%), b. p. 122—126°/14 mm., n? 1-5508 (Found : C, 90-9; H, 9-7%); 1:2:3:5- 
tetvamethylindane (94:1%) (Found: C, 89-3; H, 10-7%). 

1-Alkylindanes.—A solution of indan-l-one ** (26-4 g., 0-2 mole) in ether (250 c.c.) was 
gradually added during 1} hr. to a filtered solution of the alkyl-lithium *”? (0-3 mole) in ether 
(400 c.c.) with efficient stirring and cooling in ice-salt. After a further 30 min. the mixture 
was allowed to attain room temperature (1 hr.), then heated under reflux forlhr. The l-alkyl- 
indanol was isolated in the usual manner and dehydrated without purification, by heating in 
benzene (100 c.c.) and aqueous 10% sulphuric acid (15 c.c.) at 80° for 1 hr. The product was 
isolated in the usual manner and distilled under reduced pressure. It was not possible to obtain 
a sharp separation of the l-alkylindene from indan-l-one by this means, so the product was 
treated with Girard’s reagent in methanol. The alkylindene was extracted with light petroleum 
and redistilled. 

Hydrogenation of the l-alkylindene over palladium at room temperature and pressure 
gave the l-alkylindanes, which were purified as described above. The following were obtained : 
1-butylindene (18-5 g., 53-8%), b. p. 134—136°/15 mm.; 1-butylindane (93-2%) (Found: C, 
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85 Wagner-Jauregg and Hippchen, Ber., 1943, 76, 694. 
86 Ingold and Thorpe, J., 1919, 115, 143. 
3? Gilman, J. Amer. Chem. Soc., 1949, 71, 1499. 
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89-5; H, 10-4. C,,H,, requires C, 89-6; H, 10-4%); 1-hexylindene (19-5 g., 48-8%), b. p. 164— 
165°/16 mm., 73} 1-5330 (Found: C, 90-0; H, 10-1. C,sH_» requires C, 90-0; H, 10-0%); 
l-hexylindane (Found : C, 88-9; H, 11-0. C,;H.2 requires C, 89-0; H, 11-0%). 


The authors thank Professor Sir Robert Robinson, O.M., F.R.S., for his interest, and 
Dr. F. B. Strauss for the determination of the infrared spectra and for valuable discussion; one 
of them (K. J. P.) thanks the British Petroleum Company for a maintenance grant. 
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122. Nucleophilic Displacement Reactions in Aromatic Systems. Part 
VI.* Influence of Nuclear Alkyl Groups in the Aromatic System. 
Kinetics of the Reactions of Chlorodinitrotoluenes and Related Com- 
pounds with Piperidine, Aniline, and Ethoxide Ions in Ethanol, and 
with Methoxide Ions in Methanol. 


By B. Capon and N. B. CHAPMAN. 


Arrhenius parameters are presented for the reactions in ethanol (for 
amines) or methanol of 1-chloro-2: 4-dinitrobenzene with piperidine, of 
2-chloro-3 : 5-dinitrotoluene with piperidine and with aniline, of 5-chloro- 
2: 4-dinitrotoluene with piperidine, aniline, and methoxide ion, and of 
3-chloro-2 : 6-dinitrotoluene with piperidine and methoxide ion. Arrhenius 
parameters are also presented for the reactions in ethanol of 4-fert.-butyl-6- 
chloropyrimidine, of 1-tert.-butyl-5-chloro-2 : 4-dinitro- and 1-tert.-butyl-3- 
3-chloro-4-nitro-benzene, of 3-chloro-4-nitro- and 5-chloro-2-nitro-toluene 
with piperidine, and of the last two compounds with methanolic methoxide. 
Light-absorption data for six of these compounds and some closely related 
compounds are also reported. 

It is concluded that the polar effect of alkyl groups meta to the seat of 
substitution is predominantly inductive. Evidence is also provided of the 
primary steric effect of a methyl group ortho to the seat of substitution. It 
is also shown that a methyl or ¢ert.-butyl group meta to the seat of substi- 
tution but ortho to an activating nitro-group may exert a secondary steric effect 
which is powerfully deactivating, especially in the case of 3-chloro-2 : 6- 
dinitrotoluene. The relevance of the light-absorption results to this 
phenomenon is discussed, and the relative importance of the secondary 
steric effect to light absorption and to reaction kinetics is tentatively 
explained. 


Tus investigation originated from observations by Lindemann and Pabst?! on the 
reactivities of chlorodinitrotoluenes towards aniline, and in particular of 3-chloro-2 : 6- 
dinitrotoluene which was said to be virtually inert. For a fuller elucidation of these 
phenomena, the reactions of 5-chloro-2:4-, 3-chloro-2:6-, and 2-chloro-3 : 5-dinitro- 
toluene with piperidine and with aniline in ethanol and with methanolic methoxide ion have 
been studied. Since the low reactivity was considered to be due to a secondary steric 
effect,? 1-tert.-butyl-5-chloro-2 : 4-dinitrobenzene, in the reactions of which an effect of 
this kind would be expected to be important, was synthesised and its reactions studied, 


* Part V, J., 1956, 1563. 


1 Lindemann and Pabst, Annalen, 1928, 462, 24. 
? Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,’ Bell, London, 1953, pp. 104, 402. 
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together with those of 5-chloro-2-nitrotoluene for further comparison. A preliminary 
account of this work has already been given.® 

It has been suggested ** that the polar deactivating influence of alkyl groups meta 
to the seat of nucleophilic substitution in aromatic systems might be due mainly either 
to an inductive or a hyperconjugative effect. To attempt to determine which of these 
effects was the more important, 4-¢ert.-butyl-6-chloropyrimidine and 1-tert.-butyl-3-chloro- 
4-nitrobenzene were synthesised, and the rates and parameters of their reactions were com- 
pared with those of 4-chloro-6-methylpyrimidine and of 3-chloro-4-nitrotoluene. Related 
phenomena have been studied kinetically by Berliner and Monack,® Bevan, Hughes, and 
Ingold,’ Spitzer and Wheland,’ and Miller and Williams. A semi-quantitative study has 
been reported by Anderson, Campbell, and Gilmore. 

In addition, the ultraviolet absorption spectra of the chloronitro-compounds mentioned 
above and those of m-dinitrobenzene, 2 : 4-dinitrotoluene, 1-fert.-butyl-2 : 4- and 1-chloro- 
2 : 6-dinitrobenzene, and #-chloronitrobenzene have been studied, with a view to discovering 
roughly the extent of conjugation of nitro-groups with the benzene ring when hindered 
by ortho-substituents. This gives important information about the initial states for many 
of the reactions studied. 


EXPERIMENTAL 


Materials.—Chloro-compounds. Chloro-2 : 4-dinitrobenzene, purified as in Part I,!! had 
m. p. 50-5°. 5-Chloro-2 : 4-dinitrotoluene was prepared by Reverdin and Crépieux’s method !” 
and had m. p. 90°. 2-Chloro-3 : 5-dinitrotoluene was prepared by Morgan and Drew’s method 
and recrystallised from ethanol to constant m. p. 61-5° (Morgan and Drew }° give m. p. 64°). In 
our hands K6rner and Contardi’s method !4 for the preparation of 3-chloro-2 : 6-dinitrotoluene 
proved unsuccessful, and this compound was prepared by nitrating m-chlorotoluene (200 g.) 
by Reverdin and Crépieux’s method. Recrystallisation of the product from ethanol (1 1.) 
gave 5-chloro-2 : 4-dinitrotoluene as major product. The mother-liquor was boiled for 2 hr. 
with an excess of aniline to remove this compound, and the product was cooled, filtered, and 
poured on ice and hydrochloric acid, and crude 3-chloro-2 : 6-dinitrotoluene was filtered off. 
This was distilled at 10°? mm. and crystallised from ethanol to constant m. p. 71-5°; yield 10% 
(K6rner and Contardi 4 give m. p. 73°, cf. Brady and Bowman 144). 

1-tert.-Butyl-5-chlovo-2 : 4-dinitrobenzene. To a _ solution of /p-acetamido-fert.-butyl- 
benzene (56 g.), prepared in 58% yield and of m. p. 168—170° by Carpenter, Easter, and Wood’s 
method,?5 in glacial acetic acid (85 ml.) and concentrated hydrochloric acid (130 ml.) at 0°, was 
added with stirring at 0—5° a solution of sodium chlorate (15 g., 0-5 mol.) in water (40 ml.), 
and the mixture was stored for 30 min. at room temperature. Concentrated hydrochloric acid 
(85 ml.) was then added, and the mixture boiled under reflux for 2 hr. Steam-distillation of 
the product until 1 1. of liquid had distilled removed most of the acetic acid, and after cooling 
and alkalinification with concentrated sodium hydroxide solution, further steam-distillation 
gave 4-tert.-butyl-2-chloroaniline, which was extracted with ether, dried (KOH) and after removal 
of ether was distilled, b. p. 1834—143°/15 mm., yield 66% (Found: C, 65-0; H, 7-4; N, 7-1; 
Cl, 19-2. C, 9H,,NCl requires C, 65-4; H, 7-6; N, 7-6; Cl, 19-39%). Acetylation and recrystal- 
lisation from aqueous methanol gave the acetyl derivative, m. p. 152-5—153° (Found: C, 64-2; 


* Capon and Chapman, Chem. and Ind., 1955, 683. 

Rees, Thesis, London, 1953. 

Brieux and Deulofeu, J., 1954, 2519. 

Berliner and Monack, J. Amer. Chem. Soc., 1952, 74, 1578. 
Bevan, Hughes, and Ingold, Nature, 1953, 171, 301. 
Spitzer and Wheland, J. Amer. Chem. Soc., 1940, 62, 2995. 
Miller and Williams, J., 1953, 1475. 

1© Anderson, Campbell, and Gilmore, J., 1940, 446. 

't Bishop, Cavell, and Chapman, J., 1952, 437. 

12 Reverdin and Crépieux, Ber., 1900, 38, 2506. 

‘3 Morgan and Drew, J., 1920, 117, 784. 

1 K6érner and Contardi, Gazzetta, 1917, 47, 228 

'4@ Brady and Bowman, /., 1921, 119, 896 

'S Carpenter, Easter, and Wood, J. Org. Chem., 1951, 16, 608. 
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H, 7-1; N, 6-2; Cl, 15-7. C,H, ,ONCI requires C, 63-8; H, 7-2; N, 6-2; Cl, 15-7%). Diazo- 
tisation of the above base (18-3 g.), dissolved in concentrated hydrochloric acid (40 ml.) and 
water (15 ml.), with sodium nitrite (7-25 g., 1-05 mol., in 17 ml. of water), followed by treatment 
during 30 min. with ice-cold 30% (w/w) aqueous hypophosphorous acid (250 ml.) at —5° to 0°, 
and stirring at 0° for 1 hr., then storage in the refrigerator for 48 hr. gave an oil, which was 
extracted with ether, and dried (CaCl,), and after removal of ether m-tert.-butyl-chlorobenzene 
was distilled, b. p. 90—95°/15 mm., yield 71%. Deamination of the diazonium salt obtained 
as above with aqueous ethanol and sulphuric acid in the presence of copper bronze gave only 
a 22% yield of the required compound. m-tert.-Butylchlorobenzene (7-5 g., 0-045 mol.) was 
added to concentrated sulphuric acid (20 g.) and nitric acid (d 1-50, 25 g.,.0-4 mol.) at 0—65°. 
Che mixture was shaken at room temperature for 8 hr. and heated at 40° for 36 hr., then poured 
on ice. The resulting solid (12 g.) was filtered off and recrystallised from ethanol to give 
1-tert.-butyl-5-chloro-2 : 4-dinitrobenzene, m. p. 94-5—95-0°, yield 30% (Found: C, 46-8; 
H, 4:2; N, 9-8; Cl, 13-6. C, 9H,,O,N,Cl requires C, 46-4; H, 4-3; N, 10-8; Cl, 13-7%). The 
colourless product turns yellow on exposure to light and should be stored in the dark. 

Chloronitrotoluenes. Nitration of m-toluidine in acetic anhydride by Coffey’s method !* 
gave 4-nitroaceto-m-toluidide, which on hydrolysis with hydrochloric acid, diazotisation, and 
treatment with cuprous chloride in hydrochloric acid gave 3-chloro-4-nitrotoluene, m. p. 
25—26°, after crystallisation from light petroleum (b. p. 40—60°). 5-Chloro<2-nitrotoluene 
was prepared from 6-nitroaceto-m-toluidide, prepared by McGookin and Swift’s method,}’ 
by a method similar to that used for converting 4-nitroaceto-m-toluidide into 3-chloro-4- 
nitrotoluene, and after crystallisation from light petroleum (b. p. 40—60°) had m. p. 24—24-5°, 
b. p. 130—135°/20 mm. 

1-tert.-Butyl-3-chloro-4-nitrobenzene. m-tert.-Butylaniline (44 g., 0-30 mol.), prepared by 
Carpenter, Easter, and Wood’s method,!® was dissolved in acetic anhydride (150 ml.) and pure 
cupric nitrate trihydrate (34-4 g., 0-14 mol.) was added to the stirred solution at 0° during 30 
min. The mixture was stirred for a further 60 min. at 0° and kept at room temperature for 12 
hr., then poured into ice-water (3 1.) and stirred for 12 hr. completely to hydrolyse the acetic 
anhydride. 3-Acetamido-1-tert.-butyl-4-nitrobenzene was filtered off and recrystallised from 
aqueous methanol; it had m. p. 116—117°, yield 58%. This (37 g., 0-15 mol.) was boiled 
under reflux with concentrated hydrochloric acid (146 ml.) and water (61 ml.) for 12 hr., and 
the resultant solution was cooled to 0° and sodium nitrite (11-4 g., 0-165 mol.) in water (25 ml.) 
was gradually added at ~5°. The diazonium solution was added slowly to a solution of cuprous 
chloride (15 g.) in concentrated hydrochloric acid (200 ml.) at 60°. The mixture was heated 
at ~100° for 30 min. and the resultant oil was steam-distilled, dried (CaSO,), and distilled to 
give 1-tert.-butyl-3-chloro-4-nitrobenzene, b. p. 90—95°/0-015 mm., n}f 1-5442 (Found: C, 55-8; 
H, 5:3; N, 6-1; Cl, 16-4. C, 9H,,0,NCl requires C, 56-2; H, 5-6; N, 6-6; Cl, 16-4%). 

4-tert.-Butyl-6-chloropyrimidine. Ethyl 3: 3-dimethyl-2-oxo-butane-1-carboxylate, prepared 
by Levine and Hauser’s method,?* was condensed with thiourea by Anderson, Halverstadt, 
Miller, and Roblin’s method ?* to give 6-tert.-butyl-2-thiouracil, which on desulphurisation with 
Raney nickel 2° gave 4-tert.-butyl-6-hydroxypyrimidine, crude yield 97%, m. p. 217-5—218-5: 
after recrystallisation from ethanol (Found: C, 62-9; H, 8-0; N, 17-9. C,gH,,ON, requires 
C, 63-1; H, 8-0; N, 18-4%). The crude product (5 g.) was heated with phosphoryl chloride 
(58 g.) on a boiling-water bath for 2 hr., two-thirds of the unchanged phosphoryl chloride was 
removed at 20 mm., and the residue was poured into ice-water covered with a layer of ether. 
The mixture was neutralised (pH 7) with sodium hydroxide, and the ethereal layer was separated. 
The aqueous layer was further extracted with ether and the combined extracts were dried 
(CaSO,). The ether was removed under reduced pressure and the resulting white solid was 
sublimed at 30°/15 mm. to give 4-tert.-butyl-6-chloropyrimidine, m. p. 38-5—39-0°, yield 53% 
(Found: C, 56-2; H, 6-8; N, 16-2; Cl, 20-8. C,H,,N,Cl requires C, 56-4; H, 6-5; N, 16-4; 
Cl, 20-89%). p-Chloronitrobenzene was purified as described in Part IV,?! and had m. p. 83°. 
1-Chloro-2 : 6-dinitrobenzene was prepared by Welsh’s method ** and had m. p. 86—87°. 

16 Coffey, J., 1926, 3219. 

17 McGookin and Swift, J. Soc. Chem. Ind., 1939, 58, 152. 

'8 Levine and Hauser, J]. Amer. Chem. Soc., 1944, 66, 1768. 

'* Anderson, Halverstadt, Miller, and Roblin, ibid., 1945, 67, 2197. 

20 Brown, J. Soc. Chem. Ind., 1950, 69, 353. 

*! Chapman, Parker, and Soanes, J., 1954, 2109. 

22 Welsh, J. Amer. Chem. Soc., 1941, 68, 3277. 
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l-tert.-Butyl-2 : 4-dinitrobenzene was prepared by Wepster and his co-workers’ method ** 
and crystallised from ethanol to a constant m. p. of 61—62°. The colourless product turned 
yellow on exposure to light and was stored in the dark. m-Dinitrobenzene (from British Drug 
Houses Ltd.) was recrystallised from ethanol to a constant m. p. of 89-0°. 2: 4-Dinitrotoluene 
(from British Drug Houses Ltd.) was similarly recrystallised and had m. p. 70-5—71-0°. 

Amines. Aniline was purified as described in Part I?! and piperidine as described in 
Part III.*4 

Solvents.—99-8% Ethanol was prepared as described in Part I,44 and methanol was dried by 
Lund and Bjerrum’s method #5 and redistilled, the first 500 ml. of each 41. batch being rejected. 
It had b. p. 64-7°/760 mm. 

Reaction Products—-These were isolated from solutions used in kinetic experiments, 
and save for the new compounds mentioned below, were characterised by their m. p.s. The 
piperidino- and anilino-derivatives were obtained by distilling off the ethanol, adding water to 
the product, and filtering off the solid produced. The methoxy-compound was obtained by 
pouring the reaction mixture into ice-water and filtering off the solid produced. 

2 : 6-Dinitro-3-piperidinotoluene, light yellow needles from ethanol, had m. p. 55-0—55-6° 
(Found: C, 54:7; H, 5:9; N, 16-0. C,,H,,0O,N; requires C, 54-3; H, 5-7; N, 159%). 3: 5- 
Dinitro-2-piperidinotoluene, orange needles from methanol, had m. p. 88—89° (Found: C, 53-8; 
H, 5-8; N,15-6%). 1-tert.-Butyl-2 : 4-dinitro-5-piperidinobenzene, orange plates from methanol, 
had m. p. 128—129° (Found: C, 58-7; H, 6-8; N, 13-2. C,;H,,0,N, requires C, 58-6; H, 6-8; 
N, 13-7%). 4-tert.-Butyl-6-piperidinopyrimidine, colourless needles from ice-cold methanol, 
had m. p. 71—72° (Found: C, 70-5; H, 9:2; N, 19-7. C,3;H,,N, requires C, 71-2; H, 9-6; 
N, 19-2%). 4-Nitro-3-piperidinotoluene, orange needles from methanol at —78°, had m. p. 
34—35° (Found: C, 65-0; H, 7-2; N, 12-9. C,,H,,0,N, requires.C, 65-5; H, 7-3; N, 12-7%). 
1-tert.-Butyl-4-nitro-3-piperidinobenzene, a red solid from methanol at —78°, had m. p. 46— 
46-5° (Found: C, 68-5; H, 8-5; N, 9-7. C,;5H,.O.N, requires C, 68-7; H, 8-4; N, 10-7%). 
3-Methoxy-2 : 6-dinitrotoluene, colourless needles from methanol, had m. p. 116—117° (Found : 
C, 45-7; H, 3-9; N, 13-3. C,H,O;N, requires C, 45-3; H, 3-8; N, 13-2%); this compound 
had been prepared by Drew,?® but was incompletely analysed, and had m. p. 115°. 

Procedure.—This was as described in Part V.2? For all experiments the method of sealed 
bulbs was used, save for reactions with amines lasting less than 12 hr. at or below 40°. Sodium 
methoxide solutions were prepared by dissolving clean sodium in pure methanol. Carbonate 
content was found to be negligible. Chloride-ion determinations after about 30 times the 
“half-life ’’ of the reaction always corresponded to 99-5—100-5% reaction, thus checking the 
purity of the chloro-compounds and indicating the absence of reversibility. 

Light-absorption Measurements.—A Hilger ‘‘ Uvispek’’ instrument was used, with quartz 
cells 0-5 cm. long. Solutions were chosen of such concentration that the optical densities at 
the maxima were in the range 0-5—1-8. 

Results are assembled in Table 4. 


Results 


Detailed values for some of the reactions are given in Table 1 and all the results are sum- 
marised in Table 2. In view of previous verification of order of reaction for very similar 
reactions, and of the self-consistent second-order coefficients obtained, no order determinations 
were carried out. Experimentally observed times are recorded in sec., min., or hours, but the 
velocity coefficients are given in 1. mole sec.-1._ Errors in k given after the + sign are mean 
deviations from the mean. Temperatures in the range 20—90° are accurate to +0-03°, and in 
the range 90—160° to -+-0-12° or better. The rate laws quoted in Part V *’ are applicable, and 
a is the initial concentration of the reagent, and b that of the chloro-compound. All reactions 
were carried out in 99-8% ethanol, save those of the methoxide ion which were done in pure 
methanol. 


*3 Biekart, Dessens, Verkade, and Wepster, Rec. Trav. chim., 1952 71, 321. 
*4 Chapman and Rees, /., 1954, 1190. 

* Lund and Bjerrum, Ber., 1931, 64, 210. 

“6 Drew, J., 1920, 117, 1618. 

? Chapman and Russell-Hill, /., 1956, 1563. 
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TABLE l. 
Reactions of aniline 
3-Chloro-2 : 6-dinitrotoluene at 145-0°. a = 0-2167Mm, 6 = 0-0500m 
Time (br.) ..0...c0000. 7-00 15-00 24-00 39-00 63-00 144-00 
Decompn. (%) ....-- 11-3 15-2 21-3 29-2 39-6 51-8 
RPER ‘ndiceciueccindiins 2-25 1-46 1-35 1-22 1-14 1-04 
2-Chloro-3 : 5-dinitrotoluene at 60-0°. a 0-2424m, b — 0-:04946m. 
Time (lf.) ..<<0cccceee 3-00 8-00 15-00 26-00 29-00 36-00 47-00 72-00 96-00 
Decompn. (%) «.-++- 5:8 14-5 25-2 38-2 41-4 48°5 56-8 69-3 i7-9 
DOP vacsensiccetesacss 2°31 2-32 2-34 2°33 2-34 2-38 2°37 2-32 2-28 
Mean k = 2-33 -+ 0-02 10°; after correction for solvent expansion, k 2-46 +. 0-02 10° t 
Reactions of piperidine. : 
5-Chloro-2 : 4-dinitrotoluene at 30-0°. a = 0-1996Mm, b = 0-03864M. i 
Time (sec.) ......... 120 247 485 600 720 840 960 1080 
Decompn. (%) ...-.. 17-5 32-4 52-0 58-9 68:8 70-4 74:8 78-5 
eee (8-34) 8-53 8-57 8-58 8-86 8-52 8-81 8-89 
Mean & = 8-68 + 0-15 x 10°. 
4-tert.-Butyl-6-chloropyrimidine at 40-0°. a = 0-1698M, b = 0-03954m. 
Time (min.) ......... 10-0 20-0 35-0 50-0 70-0 90-0 110-0 140-0 
Decompn. (%) .«.-.-- 13-6 24-2 32-2 48-8 59-9 67-7 73-6 79-3 
, aan 1-48 1-44 1-44 1-51 1-54 1-54 1-52 1-52 
Mean & = 1-50 + 0-03 x 10°. 
5-Chloro-2-nitrotoluene at 130-0°. a = 0-2037Mm, b = 0-04790m. 
2 St re 8-00 24-2 34-0 44-2 58-0 67:8 103-0 
Decompn. (%,) ...... 13-1 33-3 42-5 50-5 59-2 64-6 77°8 
eee (2-46) 2-49 2-50 2-52 2-52 2-57 2-61 
Mean k = 2-53 + 0-03 x 10-5; after correction for solvent expansion, k = 2-96 + 0-04 x 10°. 
Reactions with sodium methoxide. 
3-Chloro-4-nitrotoluene at 80-0°. a = 0-1171m, b = 0-05329M. ; 
Time (hr.) ............ 6-00 12-10 18-20 24-60 32-00 40-00 50-00 63-10 97-00 i 
Decompn. (%) .....- 10-0 19-3 26-8 33-8 40-6 47-0 53-8 61-2 73-9 f 
BUTE. sntisnhontadeowes 4-31 4-40 4:36 4-34 4-32 4-29 4:28 4-29 (4-20) 
Mean k = 4-32 + 0-03 x 10-°; after correction for solvent expansion, k = 4-67 + 0-03 x 10°. 
5-Chloro-2-nitrotoluene at 90-0°. a = 0-1167mM, b = 0-04764mM. 
Bi OB) viscsxsccese 4-00 6-00 9-00 12-00 16-00 22-00 25-00 40-20 
Decompn. (°%) ...++- 17-8 24-9 34-3 42-7 51-5 62-3 65-8 79-8 
DUE deeiensscevesierns 1-2] 1-20 1-20 1-22 1-21 1-25 22 1-21 
Mean k& ]-22 0-01 x 10-4; after correction for solvent expansion, k 1-34 0-01 10-4. 
TABLE 2. 
Piperidine Aniline 
20-0 ; 30-0° . 40-0 —_ 40-0 50-0° 60-0° ‘s 
Chloro-compound (i) (i) (i) ii) (ii) (ii) 
1-Chloro-2 : 4-dinitrobenzene 158—168 308—315 512—543 — — — 
5-Chloro-2 : 4-dinitrotoluene 44-3—46-0 83-4— 88-9 155—167 47-2—49-0 81-6—85-5 140—148 
3-Chloro-2 : 6-dinitrotoluene 0-166—0-173 0-383—0-397 0-857—0-877 —- ~- — 
2-Chloro-3 : 5-dinitrotoluene 0-581—0-606 1-28—1-35 2-81—2-92 7-19—7-37 13-4—13-8 23-9—25-0 , 
1-tert.-Butyl-5-chloro-2 : 4-di- i 
nitrobenzene _............006 2-68—2:88 5-67—6-00 11-5—12-0 - - ' 
4-tert.-Butyl-6-chloropyr- 
eee 4-45—4-47 8-13—8-40 14-4— 15-4 
90-0° 100-0 110-0 
3-Chloro-4-nitrotoluene ...... 0-300—0-315 0-580—0-601 1-08—1-15 - - 
1-tert.-Butyl-3-chloro-4-nitro- 
IG cnerenuscsssivciecesiees 0-223—0-230 0-426—0-451 0-812—0-862 - -- 
130-0 143-8° 161-7° i 
5-Chloro-2-nitrotoluene ...... 0-288—0-305 0-577-—0-677 1-09-——1-14 - -_— -- é 
b 





XUM 





Reactions in Aromatic Systems. Part VI. 605 


TABLE 2. (Continued.) 
Methoxide ion 











cos ae ie = tw Ethoxide ion 
20-0° 30-0° 40-0° 20-0° 

(i) (i) (i) (i) 
3-Chloro-2 : 6-dinitrotoluene 0-525—0-564 1-60—1-73 4-75—5-09 1-00—1-04 
2-Chloro-3 : 5-dinitrotoluene — — — 26-3—28-2 
5-Chloro-2 : 4-dinitrotoluene 41-3—42-1 114—117 287—299 — 
5-Chloro-2-nitrotoluene * ... 0-498—0-534 1-31—1-37 3-28—3-38 — 
3-Chloro-4-nitrotoluene ¢ ... 0°163—0-170 0-462—0-475 1-19—1-22 --- 


(i) Extreme values of 10*k in 1. mole sec.-! for a given experiment. (ii) Similarly for 10%. 
Not less than 70% of the reaction was usually studied. (For mean k’s at 30-0°, see Table 3.) 
* 60° higher. t 50° higher. 


TABLE 3. 


Piperidine at 30° Methoxide ion at 30° Aniline at 40° 
E (cal./ E (cal./ E (cal./ 

Chloro-compound 104k mole) log,, A 10% mole) logy, A 10°k mole) log,,A 
Chloro-2 : 4-dinitro- 

ne 309 10,700 6-2 = _- — — — — 
5-Chloro-2 : 4-dinitro- 

EE scsrvectacsacons 86-7 11,600 63 116 17,700 10-8 4-82 11,100 3-5 
3-Chloro-2 : 6-dinitro- 

ee a 0-391 14,900 6-3 1-68 20,500 11-0 0-728 12,600 3-6 
2-Chloro-3 : §-dinitro- 

CE siscsscvecas 1-32 14,500 6-6 — —_ - — . — 
1-tert.-Butyl-5-chloro- 

2 : 4-dinitrobenzene 5°85 13,000 6-2 - - - - - — 
4-tert.-Butyl-6-chloro- 

pyrimidine ......... 8-33 11,000 4-9 - — — — 
5-Chloro-2-nitrotolu- 

OME .cccccccccccccccccece 0-296 22,900. 7-7 134+ 24,500 10-9 - — — 
3-Chloro-4-nitrotolu- 

OD cukiannnrscmeianiasin 0-303 + 17,800 6-2 1-20+ 24,700 10-9 — — — 
1-tert.-Buty]-3-chloro- 

4-nitrobenzene ...... 0-228 18,000 6-2 — —_ -- -- -- —_ 


Units of A and & arel. mole sec.-!. Energies of activation are accurate to + 300 cal./mole. The 
values of k are mean values from independent determinations and are accurate to + 2% or better. 

t At 90°. ~ At 130°. 

* For reaction with ethanolic ethoxide ion at 20°, 10* = 1-02 and 26-5 respectively. 


TABLE 4. 


10°*ess. 
Compound ) (A) (1. mole~! cm.~!) 
NE  n.o ccncmsonrnsieesccccdsnipicdensieiaastbinee 2330—2350 17-4 
2 SINE? nsianthantsssisacnsctcdmnsacseseieshesinesens 2420 14-6 
1-tert.-Butyl-2 : 4-dinitrobenzene  ............sseeseceeseceesees 2600 10-7 
Ce © IID Nakacncissnntsinedscnvinensbcorsennotenns 2400 11-9 
ee 2470—2500 14:1 
1-tert.-Butyl-5-chloro-2 : 4-dinitrobenzene —.............+000. 2440—2500 7-7 (infl.) 
- es ¢ II: Sn ccicnscceccncndcacuccesdesesececes 2500—2520 6-9 
EE S MII, inns csctsdnundenccanccanancdesivess 2470—2490 10-8 
EE © III io rvasccadncracssdceennunersnnecormmate No maxima + 
SN sdesncceinsicninacecssnetinnianinnebieias 2700—2720 10-5 
48 III ccncicchndcvicdesdsissiasedamaccbabieldenan 2670 75 


* The results with these compounds agree well with those of previous workers ** save for the 
results of Canback.?® 
t © = 8-3 x 108 at 2400 A. 


. DISCUSSION 
Reaction Mechanism.—Throughout what follows the reaction mechanism discussed in 
Part V 2? will be assumed to operate, and in particular, a study of the reaction products 
*8 (a) Kortiim, Z. phys. Chem., 1939, B, 42, 39; (b) Fielding and Le Févre, J., 1950, 2812; (c) Doub 
and Vanderbelt, J. Amer. Chem. Soc., 1947, 69, 2714; (d) Ungnade, tbid., 1954, 76, 1601; (e) Schroeder, 


Wilcox, Trueblood, and Dekker, Analyt. Chem., 1951, 23, 1740. 
“9 Canback, Farm. Rev., 1949, 48, 217. 
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p. 663) shows the absence of cine-substitution, and a study of the “¢,,”" values absence 
of reversibility (cf. p. 603). 

Polar Effects of meta-Alkyl Groups.—In Part III, Chapman and Rees recorded the 
kinetic influence of a meta-methy] substituent on the reactivity of 2- or 4-chloropyrimidine 
in aromatic nucleophilic substitution. The rate-diminishing influence of the substituent 
may be ascribed to its electron-releasing inductive effect, or to a hyperconjugative 
stabilisation of the initial state (I), which is structurally precluded in the transition state 
if it has mainly structure (II). 

The results summarised below for reactions with piperidine lead us to the view that 
the inductive effect predominates since the hyperconjugative effect (rate-diminishing) of 
the meta-tert.-butyl group should be less, whereas its inductive effect (also rate-diminishing) 
should be greater than that of a meta-methyl group. A similar phenomenon has been 
discovered by Hughes and his co-workers *° in electrophilic substitution. It is noteworthy 
that in the present case the difference in polar effect on reaction rate manifests itself 
in the log A or entropy term, but its magnitude is too small for further analysis to be 


cl ‘a Cl a 
oO ~n Oo ~n oa N N7 
ha S haw @ ae” © ie 
H,C° SN ie H,C°N SN > NN 
H* = H* = 
(1) (IT) 
cl cl Cl Cl Cl Cl 
On A~n F~n NO, (~ NO, oY NNO, 
rt ee : 
Mew Bu“ Ww ~ Me Bu* 
- N N S S 
(IIT) (1\ (V) (VI) (VII) (VITT) 
(III) (IV) (V) 
DO Da, Gi. Weeks C06 F) sccscssccnccese 11-4 * 4-47 ~14* 
Be BE. CNN). | accnscsatinceniscndeness 11,000 * 11,000 ~10,500 * 
DEAE. cnssiscenesintninctevisenhinnteusen 5-2 * 4-9 ~5-0 * 
* Ref. 24. 
° (VI) (VIT) (VIII) 
Piperidine in ethanol 10°%,, (1. mole™ sec.~!) 2-98 * 3-03 2-28 
E (cal. mole“) 18,100 * 17,800 18,000 
log A 6-4 * 6-2 6-2 
Methoxide ion in methanol 10*R,, (1. mole! sec.~") 1-50 tf 1-20 - 
E (cal. mole“) 23,500 t 24,700 = 
log A 10-3 + 10-9 -— 
* Ref. 28. t Ref. 9. 


warranted. Brieux and Deulofeu * discovered that the effect of a meta-methyl group on 
the reactivity of o-chloronitrobenzene towards piperidine in benzene was barely per- 
ceptible (rate ratio 1-01 at 100°). Our observations for reactions in ethanol or methanol 
are summarised in the Chart above, and confirm those of Brieux and Deulofeu for reactions 
with piperidine. It will be seen that the influence of meta-methyl and -tert.-butyl groups is 
mainly in the same sense as that observed for displacements activated by two cyclic 
nitrogen atoms, but much smaller in magnitude. We regard these results as confirmation 
of our view as to polar effects of meta-alkyl groups. 

The Primary Steric Effect.—If an alkyl group occupies a position ortho to the seat ol 
substitution, its polar influence on a reaction is, in principle, complicated by its primary 
steric effect (steric hindrance, cf. ref. 2, p. 100). However, it can be deduced that the polar 
effect of an ortho-alkyl group is unlikely to be large, from the measured mainly hyper 
conjugative polar effects of para-alkyl groups on nucleophilic aromatic substitution.® 7 

%° Cohn, Hughes, Jones, and Peeling, Nature, 1952, 169, 291. 
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These effects often cause a 3—6-fold decrease in rate and increase in E of ~1000 cal. mole, 
depending on conditions. However the effect of the ortho-methyl group is much larger, 
as can be seen from the results in Table 5. This must be ascribed mainly to a primary 
steric effect of the ortho-methyl group, especially as the effect is much more marked with 











TABLE 5.* 
Piperidine t Aniline f Methanolic methoxide 
= ee => oe A a —— —— cate 
10*ko, E log A 105k,, E log A 10*?oo E log A 
(IX) 163 10,700 6-2 16-2 11,200 4-0 ¢ 180 17,400 11-3 § 
(X) 0-59 14,500 6-6 0-73 12,600 3°6 13-3 19,200 11-4 


* k in 1. mole sec.!; E in cal. mole. f In 99-8% ethanol. { Ref. 31. § Ref. 9. 


TABLE 6.* 
; (XIT) (XITT) (XIV) (XV) (XVI) 
Piperidine 10*k,, 8 x 10*ft 163 44-9 0-168 2-82 
E 18,100 § 10,700 11,600 14,900 13,000 
log A 6-4 § 6-2 63 6-3 6-2 
Methoxide ion 104% a5 6 x 10‘ ft 1800 t¢ 41-9 0-530 — 
E 23,500 t¢ 17,400 t 17,700 20,500 — 
log A 10-3 ¢ 11-3 ¢ 10-8 11-0 — 
* kin l. mole sec.!; E in cal. mole. + Evaluated from Arrhenius parameters. 
t Ref. 9. § Ref. 21. 


piperidine than with aniline or methoxide ion, a view confirmed by inspection of appro- 
priate models of the various transition states. The main kinetic effect is an increase in E 
varying from ~4000 to ~1400 cal. mole“. Cortier, Fierens, Gilon, and Halleux ** have 
observed a similar phenomenon in the reactions of the two chloro-compounds included 


cl cl + cl g : A 
NO, NO, Me NO, NO2 NO, 7 
Me Me 
NO, NO, Lf NO, NO, NO, 
a ie 
(IX) (X) oa? (X11) (XII) (XIV) (XV) 
(XI) 
es Y ¢ ‘al cl 
NO, NO2 
But CH, mm 
NO, Nt NO, a 
agf Nga 
(XVI) 0” ‘oO (XVIII) (XIX) 
yn (XVI 


in Table 5 with iodide ion in acetone. It is noteworthy that in similar reactions of l-alkyl- 
2-bromo-3 : 5-dinitrobenzenes Fierens and Halleux ** found that the major kinetic 
influence of varying the alkyl group systematically from methyl through ethyl and iso- 
propyl to ¢ert.-butyl was a decrease in log A, by comparison with 1-bromo-2 : 4-dinitro- 
benzene, accompanied by a decrease in E. 

Secondary Steric Effects —The more pronounced effect of meta-methyl substituents in 
the reactions of 1-chloro-2 : 4-dinitrobenzene derivatives is set out in Table 6. For the 
reactions with piperidine log A is constant within experimental error, and this is also true 


for reactions of methoxide ion, with one exception, thus simplifying interpretation of the 
” results, since the relative E values may be regarded as relative potential energies of 
e! 

67 *t Singh and Peacock, J. Phys. Chem., 1936, 40, 669. 


'* Cortier, Fierens, Gilon, and Halleux, Bull. Soc. chim. belges, 1955, 64, 709. 
’ Fierens and Halleux, ibid., p. 696 
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activation. These results are to be understood in terms of the secondary steric effect of 
meta-alkyl groups, the polar influence of the meta-alkyl groups being slight (p. 606). 
Before details are considered it is valuable to examine the light-absorption data in Table 
4, which provide information about the probable extent of conjugation of the nitro-groups 
with the ring in the initial states of the various reactions. 

The influence of ortho-alkyl groups and of ortho-halogen atoms on the light absorption 
of nitrobenzene has been discussed by Brown and Regan * and by Ungnade ** respectively, 
on the basis of a first excited state tending to a planar dipolar structure (XI). Application 
of a roughly quantitative treatment due to Braude and Sondheimer ** to these results 
leads to estimates of the angle (6) between the plane of the ring and that of the nitro-group 
in the initial or ground state. These are as follows [6 in parentheses following X in 
o-C,H,(NO,)X] : Me (55°), Pri (69°), But (90°), F (34°), Cl, (69°), Br, (74°), 1 (81°). Similar 
values for 6 may be expected to arise from the influence of ortho-methyl and -tert.-butyl 
groups, and chlorine atoms in m-dinitrobenzene. 

The introduction of a second substituent into m-dinitrobenzene, as in the chlorodinitro- 
toluenes, further complicates the spectra, but the strong secondary steric effect of a methyl 
group inserted between the nitro-groups in 1-chloro-2 : 4-dinitrobenzene is clearly indicated 
by the results for 3-chloro-2 : 6-dinitrotoluene, whereas a weaker effect, which may be due 
to “ buttressing,”’ ** is probable in 2-chloro-3 : 5-dinitrotoluene when the methyl group 
is adjacent to the chlorine atom, but a strong effect is expected again with 1-¢ert.-butyl-5- 
chloro-2 : 4-dinitrobenzene. The results for 5-chloro-2 : 4-dinitrotoluene appear anomalous 
and no explanation for this is advanced at present, especially as a similarly placed methyl 
group inserted into /-chloronitrobenzene (giving 5-chloro-2-nitrotoluene) causes the 
expected decrease in intensity of absorption. 

The kinetic influence of the secondary steric effect is very clear from the data for the 
reaction of 3-chloro-2 : 6-dinitrotoluene with piperidine, insertion of the meta-methyl 
group causing a rise in E of ~4200 cal. mole. For methoxide ion reactions the rise is 
~3100 cal. mole. If the structure of the transition state (formula (XVII shows an 
extreme form in which the conjugation of the nitro-group with the ring is supposed to be 
maximal, because of a coplanar structure, achieved at the expense of steric compression) 
lies nearer to that of the reactants for reactions with alkoxide ions than for those with 
amines, as suggested by Parks e¢ al., 37 then the influence of the secondary steric effect 
should be less for the former reactions. We suggest that our results support the view of Parks 
et al. Lindemann and Pabst’s original observation! as to the lack of reactivity of 
3-chloro-2 : 6-dinitrotoluene arises from an initial rate for the reaction with aniline at 50° 
about 10* times smaller than that for chloro-2 : 4-dinitrobenzene. It is clear that the 
transition state for this reaction must be such as to be highly susceptible to the secondary 
steric effect, 7.¢., it probably lies very close to the extreme form (XVII). Moreover, the 
methyl group in 3-chloro-2 : 6-dinitrotoluene is so placed as to exert the maximum steric 
effect, being ‘‘ buttressed ’’ 3 by groups on either side which prevent bending of the C-C 
bond and interact with both activating nitro-groups. Lindemann and Pabst? also 
found 3-chloro-2 : 6-dinitrotoluene to be virtually inert towards boiling ethanolic aniline, 
but we have observed a displacement of chlorine in the same system at 145°. However, 
the reaction shows decreasing rate coefficients as it proceeds (Table 1), and this is probably 
caused by concomitant reduction and consequent decrease of reactivity of the 3-chloro- 
2 : 6-dinitrotoluene. The same compound also reacts with ethanolic ethoxide ions 
similarly, but with methanolic methoxide ions regular second-order kinetics are observed 
(Table 6). For 5-chloro-2 : 4-dinitrotoluene the rate ratio relative to 1-chloro-2 : 4-dinitro- 
benzene is ~0-5 for reaction with aniline at 50° and ~0-3 for reaction with piperidine 


4 Brown and Regan, J]. Amer. Chem. Soc., 1947, 69, 1032. 
36 Braude and Sondheimer, J., 1955, 3754 

3¢ Rieger and Adams, J]. Amer. Chem. Soc., 1950, 72, 19. 
3? Parks, Hammond, and Hawthorne, ibid., 1955, 77, 2903. 
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at 40°. Although the light-absorption data for 5-chloro-2 : 4-dinitrotoluene are anomalous, 
the kinetic influence of a weakened secondary steric effect is observed, especially in reactions 
with piperidine (cf. Chapman and Rees™ for an example in the pyridine series). A 
similar phenomenon was observed when only one nitro-group is activating as shown 
in Table 7. 


TABLE 7.* 
Piperidine Methoxide ion 
(XVIII) (XLX) (XVIIT) (XIX) 
10°Rg9 l-l ft 0-08 104g, 5:2 § 1-3 
E 17,100 tf 22,900 E 23,700 § 24,500 
log A 5-3 t¢ 7:7 log A 11-0 § 10-9 
* k in 1. mole sec.-!; E in cal. mole“. t Ref. 21. § Ref. 9. 


We revert to the influence of the secondary steric effect on light absorption. Brown 
and Regan * showed that the K-band characteristic of conjugation of a nitro-group with 
the ring is absent from the spectrum of o-tert.-butylnitrobenzene. The kinetic influence 
of a tert.-butyl group adjacent to the para-nitro-group in 1-chloro-2 : 4-dinitrobenzene is, 
however, much smaller than that of removal of the para-nitro-group altogether, as can be 
seen from Table 6. The reason for this difference may be as follows, a dipolar planar first 
excited state being assumed (cf. XI). A compound with a #ert.-butyl group ortho to 
a nitro-group will have very few molecules in which the nitro-group is coplanar with the 
benzene ring in the ground state (initial state), since insufficient energy to effect the 
necessary steric compression will be available at ordinary temperatures. Moreover, 
according to the Franck—Condon principle, electronic excitation occurs much more rapidly 
than molecular rotations and vibrations, hence only very few of the molecules in the 
ground state will have the correct configuration for excitation, even though the energy of 
compression necessary to attain a planar state may be small compared with the energy of 
electronic excitation. Alternatively, we may say that there is insufficient time for the 
nitro-group to become coplanar with the ring despite the fact that the necessary energy 
may be available. Hence the K-band will not be observed. However, when a molecule 
such as 1-¢ert.-butyl-5-chloro-2 : 4-dinitrobenzene passes from the initial to the transition 
state in a chemical reaction, there will be time for the nitro-group to take up the coplanar 
configuration and the increase in energy of activation will depend on the difference in 
compression energy between the initial and the transition state, rather than on the increase 
associated with the complete removal of the conjugative effects of the nitro-group. We 
may expect that, in general, light absorption will be more sensitive to the secondary steric 
effect than chemical reaction, a view confirmed broadly by the results discussed above. 

We thank the Department of Scientific and Industrial Research for a maintenance grant 
(to B. C.), Imperial Chemical Industries Limited for a grant for microanalyses and materials, and 


the Chemical Society for a grant for materials. 
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123. Vegetable Oils. Part VI.* The Component Acids of 
Ergot Oil. 


By K. E. Buarucua and F. D. GUNSTONE. 


Despite earlier contradictory reports ergot oil contains an unsaturated 
hydroxy-acid (34%) along with palmitic (24%), oleic (21%), and linoleic 
(12%) acids; hexadecenoic, stearic, myristic, and arachidic acids are minor 
components. The acids are not present entirely as triglycerides but there 
is some esterification of the hydroxyl group of the hydroxy-acid. The 
hydroxy-acid is shown to be identical with ricinoleic acid. 


In continuation of our study of fats believed to contain hydroxy-acids we have examined 
ergot oil. Ergot contains about 30% of a fatty oil. In the earliest reference} the oil is 
stated to have a high acetyl value (63) indicating the presence of a hydroxy-acid which, 
however, was not isolated. Subsequently, several authors >® have referred to an acetyl 
value or to the presence of a hydroxy-acid but Dieterle, Diester, and Thimann® and 
Baughman and Jamieson }° state that they could find no evidence of a hydroxy-acid. 
Matthes and Schiitz ? and Marqués and Rodriguez ® have also drawn attention to the 
optical activity of the oil and of the mixed acids derived from it but only Matthes and 
Kiirscher * reported any evidence for the structure of the hydroxy-acid which they believe 
to be ricinoleic [p-(+-)-12-hydroxyoctadec-cis-9-enoic +] acid; this conclusion is based on 
the isolation of azelaic acid and (—)-$-hydroxypelargonic acid on ozonolysis and subsequent 
oxidation. We have now confirmed this result by alternative procedures. 





TABLE 1. Characteristics of ergot oil. 


Sapon. Iodine Acetyl 
nt |t equiv. value value 
BEBO © coccrcecscgevecevcsooncesssconssssocess — 314-5 71-1 62-9 
POET” ccccsacccnbavaissscivsesicessescsascece 1-4685 312-9 74-0 27-4 
GeO BIE TUNE a cicciscesessesiccess = 286-0 — —_ } 
WeaSEOS BRE SSMS accicecivcccsscvccsss 1-4694/20° 287-2 70-1 — i 
SUE dnncadcssstnseanyeenapinicees 1-5420/40° 290-2 66-5 -- 
Baughmann and Jamieson’ ............ 1-4691/25° 284-9 73-8 7:3 if 
POOUE ST — ca cbndensccccbesencnsscnstpepssocscs —- 302-4 71-6 — i 
SIE” nul sicianintivesileapbanaiobeiianidiness — 301-8 — — 
Present investigation : 
SING Caddebidensdsdsviasctsecsenseseeneodcebs 1-4748/20° 282-4 75-7 -- 
CIEE GE be etnninninctnssesosomneniensenctinnae 1-4730/20° 280-0 69-6 — 
TEE ‘ccsithnsennciisiusbiainin nnsiahandl 1-4730/20° 322-8 * 71:3 cee 


(* This oil contains 13-4% of unsaponifiable material.) 
* Ref. 1. *® Ref. 2. ¢ Ref.2. 4 Ref. 3. * Ref. 9. J‘ Ref. 10. % Novak, Magyar Gyégyszeré- 
sztud. Tdrsasdg Ertesttége, 1942, 18, 342. * Caines, Mfg.-Chemist, 1948, 19, 447. 

Three samples of ergot oil were used and after removal of a little insoluble impurity and 
of some volatile solvent they had the characteristics shown in Table 1. These suggest 
that, apart from variable amounts of unsaponifiable material, the oils do not differ greatly 
from samples which have been investigated previously. 

* Part V, J. Sci. Food Agric., 1956, 7, 606. 

+ Geneva numbering, CO,H = 1. 

Mjéen, Arch. Pharm., 1896, 234, 278. 


2 Rathje, ibid., 1908, 246, 692; Gander and Zellner, Seife, 1921, 6, 411. 
3 Matthes and Schiitz, Arch. Pharm., 1927, 265, 541 
4 Matthes and Kiirscher, ibid., 1931, 269, 88. 
5 Bodendorf and Reichner, ibid., 1932, 270, 291. 
* Fiero, ]. Amer. Pharm. Assoc., 1933, 22, 608. 
7 Vandermeulen, J. Pharm. Belg., 1939, 21, 195, 213, 237. 
§ Marqués and Rodriguez, Anal. Fis. Quim., (a) 1948, 44, B, 467; (b) 1949, 45, B, 433; (c) 1949, 
45, B, 89. : 
® Dieterle, Diester, and Thimann, Arch. Pharm., 1927, 265, 171. 
10 


Baughman and Jamieson, Oil and Fat Ind., 1928, 5, 85. 
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A detailed study of oil (i) and a less detailed examination of oil (ii) have been made. 

The largest sample was examined by a procedure previously described by us.44_ Briefly, 
the mixed acids freed from unsaponifiable matter were partitioned between light petroleum 
and aqueous methanol and were divided thereby into two fractions in which the non- 
hydroxy- and the hydroxy-acids (fraction C) were separately concentrated, the former 
was further divided into concentrates of saturated (fraction A) and unsaturated acids 
(fraction B) by low-temperature crystallisation. Fractions A and B were subsequently 
esterified, distilled, and analysed by the usual procedures whilst the composition of 
fraction C followed from the equivalent before and after acetylation. The results are 
given in Table 2 along with values given by previous investigators and with values 
obtained for oil (ii) from certain composite values measured on the mixed acids and esters. 
Our results clearly indicate that an unsaturated hydroxy-acid is present to the extent of 
34%, a value which agrees well with those of Matthes and Schiitz,® Fiero,* and 
Vandermeulen.’ The oil also contains about 30% of saturated acids (almost entirely 
palmitic), oleic acid, and linoleic acid. Our investigation reveals, for the first time, the 
presence of hexadecenoic acid as a minor component. The identity of the acids has been 
confirmed in the usual way and the unsaturated hydroxy-acid has been shown to be 
ricinoleic acid, identical with that present in castor oil. 


TABLE 2. The component acids of ergot oil. 








Saturated Unsaturated 
Oe ee — Cis Cis i8 
Cy, Cis Cis Coy (—2-0H) (—2-0H) (—4-0H) Ricinoleic 
OD De. cassiamercinennniessoeenn 1-0 24-0 3-0 1-0 4-0 21-0 12-0 34-0 
NE Sacatntadnenceavenniameones 27 * —— — 24 10 39 
PEM ccncacesscaeessavessees ~- “5 _ -- -- 72 — 23 
Matthes & Schiitz® ......... —_————. 29 —________ — 32 4 35 
BORED GEG” “isnesddveconee —$—_—_—__— 2) —_____—_ — 74 5 ome 
Baughman & Jamieson’... Tr 22 5 1 — 63 9 — 
Bodendorf & Reichner® ... -- —- -—- -- -— —- -— 47 
Benet arcane ee 3 25 2 — — 21 13 36 
Vandermeulen ? ............06. _- 30 12 — — 23 Tr 35 


[All values are given to the nearest unit-% except for oil (i) where the values are given to the 
nearest 0-5%.] 

* Including any unsaponifiable material. 

« Ref. 2. ° Ref.3. * Ref.9. ¢ Ref. 10. ¢* Ref. 5. ‘ Ref. 6. 9* Ref. 7. 


Marqués and Rodriguez have concluded from the variation in reported acetyl values,*“ 
by comparison of the optical activity of the oil with that of the derived acids,® and by 
comparison of its behaviour on vacuum distillation with that of castor oil,® that some part 
of the ricinoleic acid is acylated with another fatty acid molecule. We have confirmed 
this for our main sample. In a preliminary examination the mixed acids free from 
unsaponifiable matter had a saponification equivalent of 280-1 and this fell to 223-4 after 
acetylation (this fall of 56-7 units indicates the presence of 33% of hydroxy-acid); with 
the oil, however, the equivalent fell by only 17-2 units. This shows that the oil contains 
fewer free hydroxyl groups than the mixed acids. A similar phenomenon has been 
reported for kamala oil containing 18-hydroxyeleostearic acid.!* (It has been stated * 
that acetylation of hydroxy-acids leads to mixed anhydrides which are incompletely 
hydrolysed with water; though normally we prefer to use esters we have not encountered 
this difficulty with acids and have frequently obtained similar results with acids and with 
esters after making suitable allowance for the presence of the ester group.) 

The unsaturated hydroxy-acid was next examined by using a portion of fraction C 
which contains 98% of the hydroxy-acid. The position of the hydroxyl group was 


11 Bharucha and Gunstone, J..Sci. Food Agric., 1955, 6, 373. 


12 yon Mikusch, Deutsch. Farb.-Z., 1954, 5, 166; O’Neill, Dennison, and Ahlers, Chem. and Ind., 
1954, 756. 
18 Meara, ‘“‘ Modern Methods of Plant Analysis,”’ Springer-Verlag, Berlin, 1955, Vol. II, p. 341. 
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determined by Baruch’s method.4*:15 The unsaturated acid was first hydrogenated and 
then oxidised to an oxostearic acid, the syn- and anti-oximes of which, when submitted to 
Beckmann rearrangement, afforded two amides hydrolysed to (i) a monobasic acid and an 
«-amino-acid and (ii) an aliphatic amine and a dibasic acid. Three of these—heptanoic 
acid, hexylamine, and dodecanedioic acid—were identified, indicating that the unsaturated 
acid has been converted into 12-oxostearic acid and was therefore a derivative of 12-hydr- 
oxystearic acid. The iodine value of the hydroxy-acid and the hydrogen uptake on 
reduction indicate the presence of one double bond and since oxidation affords azelaic and 
heptanoic acids this must be in the 9: 10-position (the hydroxyl group having already 
been shown to be present on C,4.)). The hydroxy-acid is thus 12-hydroxyoleic acid and its 
identity with ricinoleic [p-(-+-)-12-hydroxyoctadec-cis-9-enoic] acid is derived from the 
following observations: (i) the optical rotation of the crude acid is very close to that 
recorded for ricinoleic acid—the important point is that it has the same sign of rotation 
and is therefore the same optical isomer, (ii) oxidation by dilute alkaline potassium 
permanganate gives two 9: 10: 12-trihydroxystearic acids identical in melting point and 
optical rotation with similar compounds obtained from the mixed acids of castor oil.1® 


EXPERIMENTAL 

Ergot Oils.— Gifts of ergot oil were received from Burroughs Wellcome and Co. joil (i)], 
Carnegies [oil (ii)], and Roussel Laboratories Ltd. [oil (iii)]. All were dark greenish-brown, 
had a strong disagreeable odour, and contained insoluble impurity and volatile solvent which 
were removed before investigation. The characteristics of the oils are reported in Table 1 but 
the following were also determined : free acid (as % of oleic acid) 8-6 (i); unsaponifiable matter 
2-4% (i), 13-4% (iii); absorption (E}%,) at 234 my after alkali isomerisation at 180° for 60 min. 
115-5 (i), 87-0 (ii), 97-2 (iii). [The last determination was made on mixed acids, freed from 
unsaponifiable material from oils (i) and (iii).] 

Component Acids of Ergot Oil.—To 1 1. of light petroleum (b. p. 40—60° *) in each of three 
separating funnels were added about 40 g. (total 117 g.) of mixed ergot acids [from oil (i)]; 
400 ml. of the same solvent were placed in two other funnels. 80% Methanol * (400 ml.) was 
added to the first funnel and, after equilibrium, was passed to each of the other four funnels 
in turn. Eight portions of methanol extracted 38-3 g. (32-5%) of acids (6-4 + 9-2 + 6-9 + 
5-5 + 4:0 + 2-2 + 2-3 + 1-8g.; Fraction C). The acids remaining in the light petroleum were 
crystallised from methanol (10 ml. per g. of acid) at —20° whereupon 43-3 g. (36:9%; 
Fraction B) remained in solution and 35-9 g. (30-6%; Fraction A) crystallised. Fractions 4, 
B, and C had iodine values of 9-5, 119-0, and 85-5, respectively. 


TABLE 3. The component acids of ergot ott (t). 





Fraction Exclg. unsapon. 

’ A ———) ’ ae =n ~ 

Acid A B Cc Total % (wt.) % (mol.) 
BEYTIGEES. .cccveccccccesccscecceccsesece 0-39 0-46 — 0-85 0-9 1-1 
RTE reer 22-95 0-76 os 23-71 23-9 26-1 
GEE cushcducteceduiscecseseseaebes 3-15 — _- 3-15 3°2 3-1 
BEE... nidivnininidinetinstiensveiinn 0-91 os —- 0-91 0-9 0-8 
RNS i ntcdncetibinaedbicn’ 0-24 3-50 — 3-74 3-8 4-1 
ME. Denbiekiatcnhadpeabineuuneniabiien 2-89 17-83 -- 20-72 20-9 20-6 
OEE “Gducidbninsbiedekabicasuneunes --- 12-18 --- 12-18 12-3 12-2 
PL ‘iastuuteeennnenaiereresiond —- 1-97 31-95 33-92 34-1 32-0 

Unsaponifiable ............seeeeeeee 0-07 0-20 0-55 0-82 — — 


Fraction A was methylated with boiling methanol containing a little concentrated sulphuric 
acid, and the esters were fractionally distilled; from the iodine value and saponification 


* These solvents were previously equilibrated by being shaken together. 


14 Baruch, Ber., 1894, 27, 172. 
15 Cf. Gunstone, J., 1952, 1274, and references cited there. 
16 Kass and Radlove, J. Amer. Chem. Soc., 1942, 64, 2253. 
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equivalent of each ester fraction the composition of Fraction A was determined in the usual 
way. Fractionation data are not reproduced but the final results are given in Table 3. 

After methylation with methanolic hydrogen chloride at room temperature and acetylation 
with boiling acetic anhydride * the acetylated esters of Fraction B were distilled and the 
composition of each ester fraction determined from the iodine value, saponification equivalent, 
and from ultraviolet absorption after alkali isomerisation of selected fractions. The details are 
not reproduced but the final results are given in Table 3. 

From the saponification equivalent of Fraction C acids before (297-6) and after (171-8) 
acetylation it follows that this fraction contains 97-2% of hydroxyoctadecenoic acid; the values 
for the corresponding methyl esters (310-3 and 177-0) indicate 99-4% of hydroxy-acid. The 
mean value (98-3%) was taken, and since Fraction C also contains 1:7% of unsaponifiable 
material no other acids are present. (All the equivalents quoted here are the mean of four 
determinations as recommended by Riley.!”) These results are included in Table 3 where the 
values are summed to give the composition of this sample of ergot oil. 

Palmitic (m. p. 63—63-5°) and stearic (m. p. 69—70°) acid were isolated from appropriate 
ester fractions and identified by melting point and mixed melting point. A concentrate of 
hexadecenoic acid was oxidised by dilute alkaline potassium permanganate !° to erythro-9 : 10- 
dihydroxypalmitic acid, m. p. 126—127°, identical with an authentic specimen. A concentrate 
of oleic acid, obtained as a complex with urea from a fraction rich in unsaturated C,, acids, 
was similarly oxidised to erythro-9 : 10-dihydroxystearic acid, m. p. 128-5—130° (a mixture 
with an authentic specimen had m. p. 130—130-5°). Bromination of an unsaturated C,, acid 
mixture gave 9:10:12: 13-tetrabromostearic acid the m. p. (113-5—114°) of which was 
identical with that of a mixture with a pure sample. 

The composition of oil (ii), reported in Table 2, is derived from the following values: iodine value 
of the oil (69-6), absorption (E!%, = 87-0) at 234 my after alkali isomerisation (180°/60 min.) 
of the mixed acids, and equivalent of the mixed esters before (295-1) and after (226-4) acetylation. 

The Structure of the Unsaturated Hydroxy-acid.—(a) Determination of the position of the 
hydroxy-group. A portion (4 g.) of fraction C acids was hydrogenated in the presence of 5% 
palladium—charcoal, the hydrogen uptake indicating the presence of 1-0 double bond. The 
m. p. of the resulting hydroxystearic acid (m. p. 78—80° after crystallisation from ether) was 
identical with that of a mixture with 12-hydroxystearic acid derived from castor oil but 
depressed to 71—74° when mixed with 9-hydroxystearic acid (m. p. 81—82-5°).1§ 

The hydroxystearic acid (4:36 g.) in acetic acid (44 ml.) was oxidised with a 10% solution 
(11 ml.) of chromium trioxide in acetic acid at room temperature for 30 min. The product 
(4-13 g.) which separated after dilution of the sulphur dioxide-decolorised solution melted, 
after crystallisation from ether-light petroleum (b. p. 40—60°), at 82-5—83°. This value was 
unchanged when mixed with 12-oxostearic acid but depressed (73—77°) on admixture with 
9-oxostearic acid (m. p. 79-5—81°). 

The mixed oximes (4-7 g.) resulting from boiling an alcohol solution of the oxo-acid (4-6 g. 
in 72 ml.) with an aqueous (18 ml.) solution of hydroxylamine hydrochloride (4 g.) and sodium 
acetate (6 g.) for 2 hr., were rearranged (Beckmann) during 1 hr. at 100° with concentrated 
sulphuric acid (30 ml.) and the resulting amides hydrolysed by refluxing for 3 hr. after addition 
of water (37 ml.—thereby altering the solvent to 60% sulphuric acid). After further dilution 
(200 ml.) the solution was steam-distilled and the distillate (750 ml.) extracted with ether 
(5 x 200 ml.) giving crude monobasic acid (0-44 g.); the distillation residue similarly extracted 
gave crude dibasic acid (2-64 g.). The aqueous residue from this extraction was made alkaline 
(50% potassium hydroxide solution) and steam-distilled, the distillate (1 |.) after extraction 
(5 x 200 ml. of ether) afforded a volatile amine (0-28 g.). Attempts to isolate the amino-acid 
present in the distillation residue were unsuccessful. 

The monobasic acid was largely heptanoic acid since the melting point of its p-bromophen- 
acyl ester (66—68°) was raised (67—70-5°) when mixed with an authentic sample but depressed 
(62—63°) when mixed with the ester of hexanoic acid. 

The crude dibasic acid afforded a purer sample (0-51 g.; m. p. 127—129°) after extraction 
with boiling water (15 x 100 ml.), concentration to 30 ml., and cooling to 0°. This did not 
depress the m. p. of dodecanedioic acid. 


* Full experimental details are given in Ref. 11. 


17 Riley, Analyst, 1951, 76, 40. 
18 Lapworth and Mottram, J., 1925, 127, 1628. 
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The volatile amine was n-hexylamine since it formed a derivative with phenyl isothio- 
cyanate (m. p. 75-5—77°) identical with a similar derivative (m. p. 76-5—77-5°) prepared from 
the commercial amine. 

(b) Determination of the position of the double bond. The hydroxy-acid (4 g.; fraction C) 
dissolved in acetic acid was oxidised by the gradual addition of powdered potassium perman- 
ganate (16 g.) at such a rate that the temperature rose to but did not exceed 50°. After 3 hr. 
at this temperature the solvent was removed under reduced pressure and the residue diluted 
with dilute sulphuric acid (300 ml.), decolorised with sulphur dioxide, and then steam- 
distilled. Both the residue and the distillate (1 1.) were extracted with ether (5 x 200 ml.) to 
give crude dibasic acid (2-98 g.) and crude monobasic acid (0-89 g.), respectively. The former 
was extracted with boiling water (8 x 100 ml.) and after concentration of the solution to 25 ml. 
and cooling to 0° gave azelaic acid (0-98 g.), m. p. 106—107-5° (from ethyl acetate) undepressed 
with an authentic specimen. The volatile acid when distilled (11 mm.) gave two fractions 
(0-20 g. and 0-25 g.) both of which readily gave p-bromophenacyl heptanoate, m. p. 69—70° 
(raised to 69-5—71° with the ester of heptanoic acid, depressed to 63—-64° with the derivative 
of hexanoic acid). 

(c) Identity with ricinoleic acid. Fraction C acids, freed from unsaponifiable material, had 
{aji* +9-3° (2 dm.; 5-03% solution in acetic acid). [This value compares with those of 
+-7-86° (21°; no solvent ),!° +7-15° (26°; acetone),2° and -+-7-79° (25°; no solvent) ,?2_ the 
difference probably being due largely to the different solvents used. } 

The unsaturated hydroxy-acid (1-57 g.) when oxidised with cold dilute alkaline potassium 
permanganate **18 gave mixed trihydroxystearic acids (1:58 g.). The fraction (1-26 g.) 
insoluble in light petroleum (b. p. 80—100°) was extracted with chloroform (3 x 25 ml.) and 
left some insoluble acids (0-76 g.) which after two crystallisations from ethanol had m. p. 136-5— 
137-5°, (a]}** —10-7° (2dm.; 1-174% solution in acetic acid) [lit.2* 138°, —11-6° (23°; acetic 
acid)]. The chloroform-soluble acid (0-23 g.) after crystallisation from aqueous ethanol had 
m. p. 110—111-5°, [«]#8* —6-7° (2 dm.; 0-601% solution in acetic acid) [lit.*4 112°, —6-6° 
(23°; acetic acid)}. Both samples of 9: 10: 12-trihydroxystearic acid were identical in m. p. 
and mixed m. p. with specimens prepared from castor oil. 


The authors thank Burroughs Wellcome & Co., Carnegies, and Roussel Laboratories Ltd. 
for gifts of ergot oil, and one of them (K. E. B.) is indebted to the University of St. Andrews and 
the J. N. Tata Endowment for the Higher Education of Indians (Bombay) for financial assistance. 


CHEMISTRY DEPARTMENT, UNIVERSITY OF ST. ANDREWS. (Received, September 12th, 1956.] 


18 Straus, Heinze, and Salzmann, Ber., 1933, 66, 631. 
2© Brown and Green, J. Amer. Chem. Soc., 1940, 62, 738. 
21 Hawke, J. S. African Chem. Inst., 1949, 2, 125. 


124. The Structure of the Dimer of Thiocarbonyl Chloride and its Hydro- 
lysis Product. Infrared Absorption Data on Some Compounds con- 
taining the Thiocarbonyl Growp. 

J. Ipris Jones, W. Kynaston, and J. L. HALEs. 

The infrared absorption spectra of dimeric thiocarbonyl chloride and its 
hydrolysis product confirm the structures 2: 2: 4: 4-tetrachloro-1 : 3-di- 
thiacyclobutane and 4: 4-dichioro-1 : 3-dithiacyclobutan-2-one, respectively, 
for these compounds. The assignment for the C=S stretching frequency is 
discussed and the spectra of some compounds containing this group are reported. 





Tne photochemical dimerisation of thiocarbonyl chloride was first observed by Rathke; ' 
Carrara * confirmed the dimeric nature of the product. The trichloromethyl] chlorodithio- 
formate structure (I), originally assigned by Rathke, was questioned by Schénberg and 
Stephenson,? who proposed the cyclic 2:2:4:4+tetrachloro-l : 3-dithiacyclobutane 
structure (II) which was supported by Delépine, Labro, and Lange.* Schénberg and 


1 Rathke, Annalen, 1873, 167, 205; Ber., 1888, 21, 2539. 

2 Carrara, Gazzetta, 1893, 23, 12. 

* Schénberg and Stephenson, Ber., 1933, 66, 567. 

* Delépine, Labro, and Lange, Bull. Soc. chim. France, 1935, 2, 1970. 
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Stephenson found that the dimer is depolymerised both thermally and photochemically 
and, on controlled hydrolysis, furnishes a derivative, C,S,OCI,, for which they advanced 
structure (III). To avoid structural implications the name “ carbon sulphoxy chloride ”’ 
has been suggested ® for the hydrolysis product and will be used in this paper. Recently 
White > has shown that the compounds identified previously as thiocarbamoyl oxides 


S S 
7CCl; ff \ tf mh 
Secu Ci,c CCl, Ci,c co 
Ci Af 
S S 
(1) (111) 
(II) 
RR'N+C-O+C-NRR’ RR'N+C+S+C+NRR’ CIC+S+CCI 
S Oo § 
(iV) (V (VI) 


(commonly known as “thiuram oxides’’) (IV) are, instead, the isomeric thiocarb- 
amoyl carbamoyl sulphides (V). White believes that the formation of the sulphides (V) 
from ‘‘ carbon sulphoxy chloride ’’’ and secondary amines gives some credence to structure 
(VI), considered but rejected by Delépine, Labro, and Lange* for “ carbon sulphoxy 
chloride ’’ as not according with refractivity data. 

In the hope of establishing the structure of dimeric thiocarbonyl chloride and “ carbon 
sulphoxy chloride ”’ their infrared absorption spectra have been examined. Demonstration 
of the presence or absence of a C=S group in the dimer should serve to distinguish between 
formule (I) and (II). Similarly, for “ carbon sulphoxy chloride,” the presence of a C=O 
and/or C=S group should permit, if not the complete establishment of its structure, the 
elimination of some formulz previously advanced. 

The spectrum of a carbon disulphide solution (~10%) of thiocarbonyl chloride has 
three very strong bands at 1120, 810, and 780 cm.-!. These correspond to the 1138 cm.-! 
band and the doublet at 811 and 794 cm.“ recently reported by Haszeldine and Kidd,® 
the former being allocated to the C=S stretching mode, the others to the C-Cl stretching 
vibrations. In the spectrum of the dimer (Figure) as a solid film (thickness ~0-05 mm.), 
nowhere in the range 5000—850cm.-! did the optical density exceed 0-15. A strong 
band of density 1-3 occurred at 810 cm.-! adjacent to a broad region of strong absorption 
(D >1-5) extending from 800 cm.-} to beyond 650 cm.1._ The spectrum of a solid film 
(~0-05 mm.) of “ carbon sulphoxy chloride ”’ is much more complex than that of a solution 
in carbon disulphide (Figure). In the solid, complex absorption appears in the region 
1800—1700 cm.-! with a weak band at 1837 cm.-!, two strong bands at 1767 and 1717 cm.~!, 
and a weak shoulder at 1656 cm.-1. In solution only two strong bands appear, at 1780 
and 1710 cm.-'. Strong absorption also occurs in the region 880—700 cm.}. The 
location of the bands is given in the subjoined Table. 


Infrared spectrum of ‘ carbon sulphoxy chloride.” 


er 1837 w, 1767s, 1717s, 1656 w, sh, 1599 m, 1500 w, 1459 w, 1227 w, 1110 w, 968m 
CS, solution 1780s, 1710s, CS, 1221 w, 1092 w, 943 m 
TENE censences 880 s, 837 m, sh, 829s, 807 w, sh, 793 w, 769 w, sh, 752s, 732s, 697 m 


CS, solution 859s, 83ls 758s, 715m 


Herzberg,’ Bailey and Cassie,* Robinson,® and McKean, Callomon and Thompson, !° 
studied the spectra of carbon disulphide and carbonyl] sulphide but assignments based on 
5 White, Canad. J]. Chem., 1954, 32, 867. 
® Haszeldine and Kidd, J., 1955, 3871. 

? Herzberg, “‘ Infra-red and Raman Spectra of Polyatomic Molecules,’’ Van Nostrand, 1950, p. 285. 
8 Bailey and Cassie, Proc. Roy. Soc., 1932, A, 135, 375. 

® Robinson, J. Chem. Phys., 1951, 19, 881. 

%© McKean, Callomon, and Thompson, ibid., 1952, 20, 520; Proc. Roy. Soc., 1961, A, 208, 341. 
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these simple, doubly-unsaturated molecules cannot be regarded as a reliable guide to the 
position of the C=S stretching vibration in other compounds. In view of the meagre and 
conflicting evidence on the assignment of the C=S band in various substances of this 
type 11-15 we examined the spectra of some representative compounds. 

As already noted, the spectrum of thiocarbonyl chloride shows three intense bands ; 
of these, the band at 1120 cm. is assigned to the C=S stretching vibration. Ethylene 
trithiocarbonate in carbon tetrachloride shows strong absorption at 1074 cm.-? (1060 cm. 


as thin solid film). This agrees with the value 9-27 » (1078 cm.) recently reported by 
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a) Dimer of thiocarbonyl chloride: A, solid film, ~50 »; B, capillary. 
(b) ‘‘ Carbon sulphoxy chloride,” solid film, ~50 p. 
(c) ‘‘ Carbon sulphoxy chloride,” solution in CS,, 60 » path length. 


Haszeldine and Kidd * for the same compound and is assigned to the C=S vibration. The 
spectrum of potassium ethyl xanthate (potassium chloride disc) shows three bands of 
comparable intensity at 1143 cm.-1, a doublet at 1120 and 1105 cm.** (main peak), and at 
1055 cm.-!; a weak band also appears at 820 cm.-!. It is known that the C-O band 
appears in the region ~1100 cm."! (cf. Jones, Kynaston, and Hales 1), and the precise 
identity of the C=S band is not certain in this case. The 820 cm.-4 band may be due to the 
C-S stretching vibration but this would appear to be somewhat outside the normal range 
(cf. Bellamy,}* p. 291). Comparison of the spectra of urea and thiourea, and carbanilide 
and thiocarbanilide (potassium chloride discs) permits the definite assignment of the C-S 
vibration in thiourea and thiocarbanilide to 1408 and 1344 cm.}, respectively, by elimin- 
ation of some bands common to both systems. Similarly, in the case of oxamide (v for 


11 Colthup, J. Opt. Soc. Amer., 1950, 40, 397. 

12 Thompson, Nicholson, and Short, Discuss. Faraday Soc., 1950, 9, 222. 

13 Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,” Methuen, London, 1954, p. 293. 
14 Miller in Gilman’s ‘‘ Organic Chemistry,”” John Wiley and Sons Inc., 1953, Vol. III, ch. 2. 
18 Sheppard, Trans. Faraday Soc., 1950, 46, 429. 

16 Jones, Kynaston, and Hales, following paper. 
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C=O, 1660 cm.-!) and dithio-oxamide, the C=S band in the latter appears at 1425 cm."}. 
Again comparison of the spectra of $-resorcylic acid (v for C-O 1637 cm.-1) and the corre- 
sponding dithio-acid (2: 4-dihydroxydithiobenzoic acid) suggests that the band at 
1125 cm. in the latter is due to the C=S vibration. No definite conclusions could be 
drawn from the spectra of phloroglucinolcarboxylic acid and its dithio-analogue (2 : 4 : 6- 
trihydroxydithiobenzoic acid) because of their greater complexity. It is thus evident that 
the frequency of the C-S stretching mode is subject to wide variations within the range 
1400—1000 cm.-! depending upon the nature of the structural environment. Since this 
work was completed Mecke, Mecke, and Liittringhaus 1’ have published data on the 
position of the C=S and C=O bands in a number of corresponding compounds. They found 
the ratio of the two frequencies in any pair of compounds to be fairly constant and involving 
an overall C-S frequency range of 1234—1053 cm.-! for compounds other than those 
containing the thioureide function where the range was 1400—1130 cm.-!. Moreover, the 
relative intensities of the two bands were approximately the same. Mecke and Mecke !8 
have also published additional information on the spectra of some cyclic thiopeptides, the 
values for the C=S stretching frequency again falling in the same range (1209—1047 cm.-}). 
On somewhat slender evidence, Marvel, Radzitzky, and Brader ® tentatively assign the 
C=S frequency in dithio-esters to the 1195—1170 cm.-! region and in thioamides to 1265— 
1180 cm.-}. 

These considerations together with some intensity calculations indicate that a solid 
sample, 0-05 mm. thick, of material possessing structure (I) should have an absorption band 
with an optical density of the order of 5 somewhere in the range 1400—1000 cm.-!_ The 
absence of any band, even approaching this order of intensity, strongly supports the cyclic 
structure (II) for the dimer of thiocarbonyl chloride. The C-S stretching vibration, which 
should figure in the spectrum of this compound, normally appears as a weak absorption in 
the range 700—600 cm.-!. This region also covers the strong C-Cl stretching absorption, 
and the identification of the C-S modes with any certainty in the spectrum of dithio- 
carbonyl chloride spectrum is not possible. Similar cyclic structures have been postulated 
for the related silicon oxyhalides, thiohalides, and selenohalides.2°*2 Thioaldehydes and 
thioketones also polymerise readily to give dimeric and trimeric cyclic compounds from 
which the C=S group is absent.” 

The spectrum of “carbon sulphoxy chloride ’’ displays marked absorption in the 
1800—1700 cm.“! region and this may be taken as fairly conclusive evidence of the presence 
of a C-O group. The complex nature of the absorption, particularly of the solid, is not 
understood. In solution, two strong bands only appear in this range and these have 
shifted slightly from their position in the spectrum of the solid. In the range where C-S 
absorption should appear, two weak bands occur at 1227 and 1110 cm.-! but their low 
intensity suggests that they are not due to the C=S stretching vibration. The bands at 
880—700 cm." arise from the C-Cl and C-S stretching vibrations and similar absorption 
is to be found in the spectrum of the dimer of thiocarbonyl chloride. These results 
strongly support the cyclic structure (III) for “‘ carbon sulphoxy chloride.” 





EXPERIMENTAL 


The Dimer of Thiocarbonyl Chloride and ‘‘ Carbon Sulphoxy Chloride.’’—These compounds 
were prepared by Schénberg and Stephenson’s method* and were crystallised from light 
petroleum (b. p. 60—80°) giving materials of m. p. 119° and 70°, respectively. ‘‘ Carbon 
sulphoxy chloride ’’ sublimes easily. 


17 Mecke, Mecke, and Liittringhaus, Z. Naturforsch., 1955, 10, B, 367. 

18 Mecke and Mecke, Chem. Ber., 1956, 89, 343. 

19 Marvel, Radzitzky, and Brader, J]. Amer. Chem. Soc., 1955, 77, 5997. 

*0 Etienne, Bull. Soc. chim. France, 1953, 791. 

21 Schumb and Holloway, J. Amer. Chem. Soc., 1941, 68, 2753. 

22 Weiss and Weiss, Angew. Chem., 1954, 66, 714. 

*3 Rodd, ‘‘ Chemistry of Carbon Compounds,” Elsevier Publishing Co., Vol. IA, 1951, pp. 487, 521; 
Vol. IITA, 1954, 516 
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2: 4-Dihydroxy- and 2:4: 6-Trihydroxydithiobenzoic Acids.—With the exception of these 
two compounds all the other compounds containing the C=S group were commercial specimens 
suitably purified. 2: 4-Dihydroxydithiobenzoic acid was prepared by Lippmann’s method ** 
from resorcinol and potassium ethyl xanthate. It was also obtained by shaking a solution of 
resorcinol (11 g.) in sodium hydroxide solution (4 g. in 50 ml. of water) with carbon disulphide 
(7-6 g.) for 3 days at room temperature, extracting the unchanged disulphide with ether and 
acidifying the dark red aqueous solution with dilute hydrochloric acid. The yield of dithio- 
acid was 7g. An extension of this method to phloroglucinol (12-6 g.) gave 2: 4: 6-trihydroxy- 
dithiobenzoic acid (8-5 g.), m. p. 150° (decomp.), after crystallisation from benzene-alcohol 
(Found: C, 41-2; H, 3-2; S, 31-9. C,H,O,S, requires C, 41-5; H, 3-0; 5, 31-6%). 

Infrared Absorption Spectra.—These were measured with a modified Hilger D209 double- 
beam instrument.? The compounds were examined in solution in carbon tetrachloride or 
carbon disulphide, and/or in potassium chloride discs,?* or as thin solid films from a melt between 
rock-salt plates. Accuracy of wavenumber measurement is about -++-3 cm. at 1700 cm.~! and 
about +1 cm. at 1200 cm."!. 


CHEMICAL RESEARCH LABORATORY, TEDDINGTON, MIDDLESEX. (Received, June 8th, 1956.] 


24 Lippmann, Monatsh., 1889, 10, 617. 
25 Hales, J. Sci. Instr., 1949, 26, 359; 1953, 30, 52. 
26 Hales and Kynaston, Analyst, 1954, 79, 702. 





125. The Infrared Absorption Spectra of Some Chloroformates 
and Carbonates. The Structure of “ Di- and Tri-phosgene’’. 


By J. L. Hares, J. Ipris Jones, and W. KyNasTon. 


The infrared absorption spectra of some chloroformates and carbonates 
(both open chain and cyclic) have been determined with special reference to 
the C=O and C—O stretching vibrations. In particular, the effect of chlorine 
substitution in the «- and the $-position has been examined. The structures 
CCl,-O-CO-Cl and CCl,*O*CO-O-CCl, respectively, have been confirmed. The 
ease of dissociation of compounds containing the °CO,°CCl, group into 
carbony] chloride is discussed. 


THE terms “ di- and tri-phosgene ” which are frequently applied to trichloromethy] chloro- 
formate (I) and bistrichloromethyl carbonate (II), respectively, are misnomers since these 
compounds are not derived from carbonyl chloride; they are prepared by exhaustive 
chlorination of methyl formate (or chloroformate) and methyl carbonate, respectively.+~® 
However, in most reactions (I) and (II) behave as two and three molecules of carbonyl 
chloride respectively, into which they readily dissociate.*:*& 7 Thiocarbonyl chloride, on 
the other hand, dimerises photochemically and the dimer can be depolymerised. Originally 
thought to be the dithio-analogue of (I), this dimer has been shown to be 2: 2: 4: 4tetra- 
chloro-1 : 3-dithiacyclobutane.* Similar cyclic structures have been postulated for the 
related silicon compound ® and the corresponding siliconoxyhalides, and selenohalides ™ 1! 
An analogous structure (III) for “‘ diphosgene ” would be consistent with some properties, 
particularly, its tendency to dissociate into carbonyl chloride. Similarly, the chemical 
Councler, Ber., 1880, 18, 1697. 

Hentschel, J. prakt. Chem., 1887, 36, 99, 209. 

Hood and Murdock, J. Phys. Chem., 1919, 23, 498 

Kling, Florentin, Lassieur, and Schmitz, Ann. Chim., 1920, 18, 44 

Grignard, Rivat, and Urbain, ibid., pp. 228, 263. 

Nekrassow and Melnikow, J. prakt. Chem., 1930, 126, 81; 127, 210 

Melnikow, ibid., 128, 233. 

Hales, Jones, and Kynaston, preceding paper 

Etienne, Bull. Soc. chim. France, 1953, 791 

Schumb and Holloway, J. Amer. Chem. Soc., 1941, 68, 2753 

Weiss and Weiss, Angew. Chem., 1954, 66, 714 
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behaviour of “ triphosgene ’’ could be interpreted in terms of the perchlorinated 1 : 3 : 5- 
trioxan (IV). An early German patent !* describes the addition of carbonyl chloride to 
chloral to give two products which were assumed to be 1 : 2 : 2 : 2-tetrachloroethyl chloro- 
formate and bistetrachloroethyl carbonate, but they could be represented as cyclic 
compounds since chloral is known to form mixed polymers of the substituted trioxan type 
with a number of aldehydes.!*-15 


fe) 
(I)  ClCO,*CC! fe) 
iia i’ Ci,C cc, 
Cci,c CCl, | | 
(II) CO(O-CCI;), - o a 
Ch (IV) 


The infrared absorption spectra of “ diphosgene’”’ and “ triphosgene’’ and the two 
products from the carbonyl chloride—chloral reaction have been studied as part of a survey 
of those of chloroformates and carbonates, including products of the reaction of carbonyl 
chloride with epoxides.!® 

The infrared absorption spectrum of carbonyl chloride has been studied by Bailey 
and Hale 1” but spectroscopic data for chloroformates and carbonates are scanty. The 
Raman spectra of methyl, ethyl, propyl, and trichloromethyl chloroformates have been 
examined.}* 18 Bailey and Hale 2? found a value of 1827 cm.-! for the C=O frequency in 
gaseous carbonyl chloride, which agrees with a later determination by Nielson, Burke, 
Woltz, and Jones.*® In carbon tetrachloride solution we found the C=O frequency in 
carbonyl chloride at 1792 cm.}. “Both “di-” and “ tri-phosgene”’ exhibit strong 
absorption in the same region, at 1795 cm.-! and 1832 cm.-!, respectively (Tables 1 and 2). 
This evidence and that for related compounds, which illustrate the influence of structural 
factors on the frequency of both C=O and C-O bands, confirm structures (I) and (II) for 
“di” and “ tri-phosgene.”” Comparison of the spectrum of “ triphosgene ’’ with those of 
trioxan and paraldehyde, neither of which shows intense absorption in the 1800 cm.-} 
region, affords further support for structure (II). Similarly, strong carbonyl absorption at 
1793 and 1794 cm.-!, respectively, was found in the spectra of the two products from the 
carbonyl chloride—-chloral condensation, thus ruling out dioxacyclobutane and dioxan 
structures. It is noteworthy that 1: 2:2: 2-tetrachloroethyl alcohol is identical with 
the so-called chloral hydrochloride prepared by Vorlander and Siebert.”! 

The main bands in the ranges 1850—1700 cm. and 1300—950 cm.~! of the spectra of 
a series of chloroformates and carbonates are listed in Tables 1—3. Most of the com- 
pounds were examined as liquids and in solution but, with the exception of the cyclic 
carbonates, differences were small. However, band shifts between liquid and solution 
were greater in the cyclic carbonates and any comparisons between cyclic carbonates 
should therefore be made between corresponding states. 

Much information is available concerning the vibrational frequency of the C=O bond 
and its dependence upon various structural factors.* Highly electronegative atoms tend 


2 F, Bayer and Co., G.P. 121,223/1901. 

18 Pinner, Ber., 1898, 31, 1926. 

14 Helferich and Besler, ibid., 1924, 57, 1279. 
15 Hibbert, Gillespie, and Montonna, J. Amer. Chem. Soc., 1928, 50, 1953. 
16 Tdris Jones, to be published. 

17 Bailey and Hale, Phil. Mag., 1938, 25, 98. 

‘8 Joglekar, ibid., 1937, 24, 405. 

18 Kohlrausch and Sabathy, Monatsh., 1939, 72, 303. 

Nielsen, Burke, Woltz, and Jones, /. Chem. Phys., 1952, 20, 596. 
Vorlander and Siebert, Annalen, 1905, 341, 21. 
Hartwell, Richards, and Thompson, /., 1948, 1436 
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to increase the carbonyl frequency ; * thus, in carbonyl chloride the frequency is 1827 cm.-! 


and in carbonyl fluoride 1928 cm.-!, whereas in formaldehyde the corresponding vibration 
has a frequency of 1745 cm.-!. Similarly, a high carbonyl frequency is observed in acid 


TABLE 1. Chloroformates, CCl*CO-OX. 


No. x State vo=o, cm. vo—o,* cm.~} 
l Me SN 1777 1202 m, 1149s 
L 1776 1200 m, 1147s 
2 Et S’N 1773 1159s, 1138s, 1012 m 
L 1777 1160s, 1140s, 1008 w 
3 CH,CH,Cl SN 1775 1143s 
4 CHMe-CH,Cl L 1779 1170s, 1132s, 1030 m 
5 CHMe-CHMeCl L 1776 1170s, 1132 m, 1082 m, 1064 m 
6 CH(CH,Cl), L 1776 1155s 
7  2-Chlorocyclohexyl L 771 1168s, 1117 m 
8 CHPh-CH,Cl L 1770 1146s 
9 CHCICCl, SN 1793 1108s, 997 m 
10 CCl, SN 1806 1056s, 970s, 913s 


* It is not suggested that all the bands listed are due to the C-O stretching vibration. The 
strongest band(s) is/are italicised. 5 

SN = Solution (CCl,); S’N = solution (CS,); L = liquid; N, D, or F solid in Nujol, KCI disc, 
or thin film, respectively. 

s = strong, m = medium, w = weak band. 

Unlabelled bands are strong. 


TABLE 2. Carbonates, XO-CO-OY. 


No. X Y State ve=o,cm."! vo—o,4 cm." 
ll Me Me SN 1755 1280s, 974m 
L 1748 1280s, 970m 

12 Et Et SN 1739 1262s, 1022s 
13 CH,°CH,Cl CH,°CH,Cl SN 1750 1306 m, 1272s, 1246s, 1006 m 
14 CHMe:CH,Cl CHMe:CH,Cl | * 1743 1277s, 1256s, 1202 m, 1135 m, 1034 m 
15 CHMe-CHMeCl CHMe-CHMeCl L 1743 1268s, 1158 w, 1085 m, 1060 m 
16 CH(CH,Cl), CH(CH,Cl), SN 1741 1254s, 1207s, 1014m 
17 2-Chlorocyclo- 2-Chlorocyclo- N(i) 1743 1257 s, 1009 m, 947 m 

hexyl hexyl N (ii) 1746 1262s, 1006 m, 948 m 
18 CHPh:CH,Cl CHPh:CH,Cl N 1751 1226s 
19 CHCI-CCl, CHC1I-CC]l, SN 1794 1240s, 1073s, 992s 
20 CCl, CCl, SN 1832 1178s, 967s, 945 vs 
21 CC, Et ) + 1780 ~1235 s, ~1085 s, ~1000 s 
22 Me Ph L 1755 1262s, 1215s, 1064 m 
23 Et Ph | # 1757 1252s, 1209s, 1060 m 
24 Et C,H,-O-CO,Et a 1756 1234s 
25 Ph Ph S’N 1775 1227s, 1182s, 1159 m 


® (i) and (ii) refer to the two stereoisomeric modifications, m. p.s 65—66° and 111° (see Experi- 
mental section). 


TABLE 3. Cyclic carbonates, CO<D>x 
No. X State vc=o, cm.~! vo—o,* cm.~! 
26 *CH,-CH,: SN 1817, 1763 sh, w 1138s, 1077 s, 962 w 
S’N 1817, 1763 sh, w 1138s, 1077 s, 962 w 
L 1795, 1770 sh, m 1163s, 1073s, 970m 
F 1788, 1762 sh, m 1175 m, 1065s, 971m 
27 *CHMe-CH,: SN 1809 1171s, 1115s, 1084 w, 1058s 
L 1792 1182s, 1119 m, 1076sh, m, 1051s 
28 *CHCI-CH,: L 1828, 1797 sh, m 1151s, 1078s, 1046 m, 965s 
29 *CHCI-CHCI- L 1852, 1794 sh, m 1115s, 1087 s, 1026s, 976s 
30 *CH(CH,Cl)-CH, kL 1803 1165s, 1072s, 1045 m 
31 *CHPh-CH,: S’N 1816 1152s, 1067s, 1052 sh, m 
D 1770 1182 sh, s, 1164s, 1064sh,s, 1051s 
S’N 1832, ~1770 w 1160s, 1089s 
32 “CH=CH: SN 1833, ~1770 w 1160s, 1089s 
Re 1830s, 1801 sh, s 1162s, 1100s, 1084s 
}: 1822s, 1796s 1170 m, 1157 m, 1105s, 1075s 
33 CH-CH), N 1833 1162s, 1084s 
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chlorides and, in the chloroformates, the same effect operates. In methyl and ethyl 
formates % the C=O band appears at 1723 cm.? whereas in the corresponding chloro- 
formates (Table 1) it is at 1775 cm.-'._ In compounds 1—8 (Table 1) the frequency of the 
carbonyl vibration is fairly constant, implying that neither the mass of group X nor the 
presence of a $-chloro-atom in the group X has any significant effect. However, sub- 
stitution of chlorine atoms at the a-carbon atom in the group X produces a shift in the 
carbonyl band to higher frequencies, as seen in compounds 9 and 10. In the carbonate 
series (Table 2) this effect of «-chlorine substitution is again apparent (compounds 19 
21). Itis also known that esters containing the structure CO,C°:C show slight enhancement 
of the carbonyl frequency regardless of whether the double bond is normal or part of an 
aromatic ring.25 This effect shows up in diphenyl carbonate (Table 2) and in the cyclic 
vinylene carbonate (Table 3). In the cyclic carbonates the C=O group forms part of a 
five-membered ring and the influence of ring strain is evident. As with four- and five- 
membered ring ketones, lactones, and anhydrides the strain induces a shift of the carbonyl 
vibration to higher frequencies.*® This strengthening of the C=O bond with ring strain has 
been discussed from a theoretical standpoint by Coulson and Moffitt.2® Chlorine sub- 
stitution on the «-carbon atom in the cyclic carbonates also produces a shift in the carbonyl 
frequency (compounds 28 and 29) whereas a @$-chloro-atom, as before, has little effect 
(compound 30). Another interesting observation in the series of cyclic carbonates is the 
appearance in some, but not all, of two carbonyl bands close together which, in two cases 
examined, show differences between solution and liquid and solid states. Thus, ethylene 
carbonate in solution in carbon tetrachloride or carbon disulphide gives a strong carbonyl 
band at 1817 cm.-! with a weak shoulder at 1763 cm.-}. In the liquid the main band is 
at 1795 cm.-! and the shoulder at 1770 cm.-._In the solid the band at 1788 cm.~? is again 
accompanied by a shoulder at 1762-cm.-! which appears more pronounced. ‘The effect is 
far more definite in vinylene carbonate; dilute solutions in carbon disulphide and carbon 
tetrachloride show intense absorption at 1832 cm.-1 with weak absorptions at 1802 and 
1770 cm.-!; in concentrated carbon tetrachloride solution the band at 1802 cm.! is 
intensified. In the liquid the main band appears at 1830 cm.-! with a strong shoulder at 
1801 cm.-! but in the solid the latter band, slightly shifted to 1796 cm.“}, is somewhat 
stronger than the first band which now appears at 1822 cm.-?. Also a strong band at 
702 cm.-! in the spectrum of vinylene carbonate in solution (715 cm.“! in the liquid state) 
virtually disappears in the spectrum of the solid. In the polymer of vinylene carbonate 
the carbonyl doublet disappears, there being only one band at 1833 cm.~! and it is rather 
surprising that, with the disappearance of unsaturation, the frequency should remain 
substantially the same as that for the monomer. The band at ~700 cm.-! is also absent in 
polyvinylene carbonate. It is possible that this band is due to a cis-ethylenic out-of- 
plane ‘CH deformation mode 2? but the reason for its absence in the solid monomer is 
obscure. 

The carbonyl doublet is also absent from the spectra of propylene carbonate, phenyl- 
ethylene carbonate and chloromethylethylene carbonate but appears in the case of mono- 
and di-chloroethylene carbonate. The presence of two absorption peaks in the carbonyl 
region has been reported for certain halogenated acetic esters and the phenomenon has 
been ascribed to association.28 A more likely explanation is rotational isomerism as 
postulated by Josien and Callas.* The boiling point of ethylene carbonate (248°) is 
abnormally high but that of vinylene carbonate (162°/735 mm.) is more normal.®® Both 


*3 Kagarise, J. Amer. Chem. Soc., 1955, '77, 1377. 

*4 Thompson and Torkington, J., 1945, 640. 

*° Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,’ Methuen, London, p. 156. 
26 Coulson and Moffitt, Phil. Mag., 1949, 40, 1. 

°7 Bellamy, Ref. 25, p. 42. Brown and Sheppard, Trans. Faraday Soc., 1955, 51, 1611. 
28 McBee and Christman, ]. Amer. Chem. Soc., 1955, 77, 755. 

2 Josien and Callas, Compt. rend., 1955, 240, 1641. 

*° Newman and Addor, J. Amer. Chem. Soc., 1953, 75, 1263. 
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compounds possess high dipole moments.*;*2_ Angell 34 has recently published a detailed 
study of the infrared spectra of ethylene carbonate. The disappearance of some of the 
bands when going from the solid to the liquid (or dissolved) state was interpreted as an 
indication that the molecule had changed from a non-planar to a planar configuration. 

The effects may be associated with differences in dipole-dipole interaction in the two 
series. 7 

Intense absorption in the region 1300—1000 cm.-} arises from the single-bond C-O 
stretching vibration in ethers, alcohols, acids, esters, acetals, ketals, etc. This frequency 
is very sensitive to differences in structural environment.25 Tschamler and Leutner ** have 
shown that in ethers an intense band or double band appears in the range 1250—1000 cm." 
and adjacent unsaturation always shifts the band(s) to higher frequencies. This observ- 
ation is substantiated generally by Table 4, where the second group of structures has 
unsaturation adjacent to the C-O link. 


TABLE 4. 
C-O range, cm.-} 
Type (Most intense bands) Reference 
Alicyl ethers .....cccccccccccccsccscsees 1150—1060 Bellamy,”® p. 101 
SEL cukdddsteenndentadiebesenuresenine 1140—1010 ae p. 95 
Hemiacetals .....ccccccccccccccccsccees 1150—1020 Ashdown and Kletz * 
Carboxylic acids ..........seceereeeee 1320—1210 Bellamy,” p. 147 
ASYE GERGED oc cccccccccccccccesscsessesces 1270—1230 i p. 102 
TEOUEES cccccccccccccccsccccccccoccscescsoes 1245—1185 Thompson and Torkington *4 
CIOMIION ccesicicscarececsdssvesssseses 1280—1250 Table 2 


In the esters two such C—O bonds occur, one contiguous to the carbonyl group and the 
other between the oxygen and alcohol residue. Thompson and Torkington * have assigned 
the intense band in the region of 1200 cm.~! to the contiguous C-O bond. Other significant 
bands of somewhat lower intensity and frequency were provisionally assigned to the non- 
adjacent C-O and to C-C skeletal frequencies. Bellamy (see ref. 25, p. 161) suggests that 
the carbonyl group stabilises the frequency and intensity of the contiguous C-O bond 
vibration. Page *® has also commented on the significance of the contiguous and non- 
adjacent C-O bonds in the spectra of alkoxy- and acetoxy-steroids and he has identified 
the band due to the non-adjacent linkage and shown that slight differences exist between 
the frequencies of axial and equatorial configurations. 

In chloroformates, the same distinctions may be drawn between the two C-O bonds. 
However, examination of the spectral bands in the region 1200—1050 cm.-! for the chloro- 
formates listed in Table 1 shows that it is not always possible to distinguish two bands that 
could be unequivocally assigned to these two bonds. Methyl formate has its strongest band 
in the 1250—1050 cm.-! region at 1214 cm.-, falling to 1195 cm.-! in ethyl formate.™ 
Methyl chloroformate gives rise to two bands at 1200 and 1147 cm.-1, the latter being the 
more intense, whereas ethyl chloroformate has two bands of comparable intensity at 1160 
and 1140 cm.-4. In the other chloroformates the main band appears about 1160 cm."}, 
a substantially lower frequency than might be expected by reference to Table 4 but this 
shift is due to the inductive effect of the chlorine atom and the introduction of 
chlorine atoms at the a-carbon atom causes a further shift to lower frequencies (1056 cm.” 
in ‘‘ diphosgene’”’). While the main band in most cases is probably due to the contiguous 
C—O bond the origin of the other bands in this yegion is uncertain. 

Bergmann and Pinchas ** have noted that the normal C-O-C group in ethers, whicli 


$1 Arbuzov and Shavsha, Doklady Akad. Nauk S.S.S.R., 1949, 68, 1045. 
82 Slayton, Simmons, and Goldstein, ]. Chem. Phys., 1954, 22, 1678. 

324 Angell, Trans. Faraday Soc., 1956, 52, 1178. 

33 Tschamler and Leutner, Monatsh., 1952, 88, 1502. 

3 Ashdown and Kletz, J., 1948, 1454. 

35 Page, J., 1955, 2017. 

*6 Bergmann and Pinchas, Rec. Trav. chim., 1952, 71, 161. 
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absorbs about 1130 cm.-}, is split into three or four branches in systems such as acetals and 
ketals where the two ether groups are linked to the same carbon atom. Repetition of an 
absorbing substituent on the same central atom is accompanied by a certain amount of 
coupling and therefore by a shift both towards a higher and a lower frequency than that 
characteristic for the individual substituent. A similar observation has been made by 
Page *° for gem.-dialkoxy-steroids. However, in the open-chain carbonate series (Table 2) 
only one very intense band is found, near 1260 cm.“! in the majority of cases, and the effect 
of «-chlorine substitution is to shift this to lower frequencies (1178 cm.“! in “ diphosgene ”’). 
In the cyclic carbonates (Table 3), on the other hand, two strong bands of comparable 
intensity appear with regularity at about 1160 and 1090 cm.-1._ Since they are also present 
in vinylene carbonate we may assume that the C-C frequency is not involved here, and the 
intensity of the bands points to their both being C—O stretching frequencies. The fact 
that the higher-frequency band shows quantitative and qualitative shifts relative to the 
carbonyl band similar to those for open-chain carbonates on introduction of electronegative 
chlorine atoms suggests that it is the contiguous C—O frequency. However, when the 
environment alters these two bands shift in the opposite sense in all the compounds shown 
in Table3. This would not be expected if the bands represented the two modes, symmetric 
and asymmetric, of the C—O frequency, since alteration in the force constant would shift 
both bands in the same direction. It is more likely that the lower frequency band is due 
to the non-adjacent C—O vibration whose frequency and intensity may be stabilised by the 
ring:form and the absence of free rotation. _ 

No satisfactory explanation has been advanced for the dissociation of “ di- ’’ and “ tri- 
phosgene ’’ into carbonyl chloride; other compounds containing the trichloromethoxy- 
carbonyl group also liberate carbonyl chloride. Nekrassow and Melnikow *? found that 
a number of trichloromethyl carbonates readily dissociate to carbonyl chloride and the 
corresponding chloroformate. Furthermore, they react with alcohols (in excess) and 
aniline furnishing products that would be derived from a similar reaction with a mixture of 
carbonyl chloride and the chloroformate. Likewise, “ triphosgene ’’’ reacts with alcohols 
to give initially a mixture of alkyl trichloromethyl carbonate and the alkyl chloroformate. 
Carbonyl chloride is also readily obtained from bistrichloromethyl oxalate.** These 
reactions illustrate the ease of fission of the trichloromethoxycarbony] group : 


R*CO,CCl — > RCOCl + #£«£®COc, 


Alkyl and aralkyl chloroformates, in general, evolve carbon dioxide on strong heating and 
furnish the corresponding alkyl chloride. This reaction is catalysed by tertiary bases, alum- 
inium chloride, and boron trifluoride.**? Alkyl fluoroformates undergo a similar catalysed 
decomposition to produce alkyl fluorides.** For both catalysed #* and uncatalysed “ reactions 

a mechanism involving initial dissociation into a carbonium ion has been 
u suggested, and the unusual behaviour of phenyl chloroformate (which gives 


ROTO Og diphenyl carbonate and carbonyl chloride) has been adequately explained 
Nt in terms of the effect of the phenyl groups. The catalytic effect of pyridine 

ad is believed to result from its attack on the carbonyl carbon atom to form the 

a positive charge tending to make the ester bond labile towards displacement 


by achloride ion (see inset). Boron trifluoride, analogously gives rise to a 
similar effect on the alkyl oxygen bond. 


Treatment of ‘‘ diphosgene’’ with aluminium chloride or ferric chloride induces similar 


37 Nekrassow and Melnikow, J. Gen. Chem., U.S.S.R., 1936, 4, 1057. 
88 Cahours, Ann. Chim., 1847, 19, 344; Annalen, 1848, 64, 313. 

%° Rennie, J., 1882, 41, 33. 

*° Carré and Passedouet, Compt. rend., 1935, 200, 1767. 

‘! Carré, Bull. Soc. chim. France, 1936, 3, 1069, 1072. 

** Nakanishi, Myers, and Jensen, ]. Amer. Chem. Soc., 1955, 77, 5033. 
8 ibid., p. 3099. 

** Wiberg and Shryne, ibid., p. 2774. 
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dissociation,*5»4 which undoubtedly follows a similar course. Perchloroethyl chloro- 
formate *6 also dissociates in two ways : 
(co), CO, + CCI,CCl 


Cl+CO,*CCl,*CCl; 
(6) CCl,-Ccoc! + COC 


With aluminium chloride the reaction takes course (a) more or less exclusively, while with, 
e.g., excess of ethyl alcohol the products are ethyl trichloroacetate and ethyl chloroformate, 
obviously derived by reaction (5). 

The tendency of the CO,-CCl, group to liberate carbonyl chloride is due to the accumul- 
ation of the electronegative chlorine atoms on the carbon atom. In “ diphosgene,’’ the 
inductive effect of the trichloromethyl group is reinforced by that of the chlorine atom 
attached to the carbonyl carbon atom; the result is to induce a positive charge on the 
carbonyl carbon atom, and the electrostatic attraction between this and the negative 
chlorine atom of the trichloromethyl group, which lies in close proximity, promotes the 
dissociation : 


Cl Cl cl cl 
KW a 
§- Cc Cc 
a” *, ok ‘o) —— 2 O=CCl, 
a NZ 
O=C O=C 
8+ \ \ 
cl cl 


A similar mechanism operates with “ triphosgene,” alkyl trichloromethyl carbonates, 
bistrichloromethy] oxalate and perchloroethyl chloroformate. 


EXPERIMENTAL 


Infrared Absorption Spectra.—These were measured as previously described.® 

Chloroformates.—Reagent-grade methyl and ethyl chloroformate were purified by fractional 
distillation. The preparation and properties of chloroformates 3—8 (Table 1), already briefly 
reported,*? will be described in a forthcoming publication. Chloroformate No. 5, derived from 
trans-2 : 3-epoxybutane, has been shown to be the (-L)-erythro-compound; the ¢rans-structure 
has been confirmed for o-chlorocyclohexyl chloroformate (No. 7). 

‘‘ Diphosgene "’ and “‘ triphosgene ’’ were kindly supplied by the Director, Chemical Defence 
Research and Development, Ministry of Supply, Porton. The former was purified by fractional 
distillation in a packed column (glass helices) and the latter by crystallisation from light 
petroleum (b. p. 60—80°). 

1: 2:2: 2-Tetrachloroethyl Chloroformate (No. 9) and Bis-1: 2:2: 2-tetrachloroethyl 
Carbonate (No. 19).—To a solution of carbonyl] chloride (10 g.) in dry benzene (50 g.) were added 
anhydrous chloral (14-75 g.) and dimethylaniline (12-1 g.). The mixture was set aside over- 
night; the benzene solution was then washed with 2n-hydrochloric acid and dried (CaCl,), and 
the benzene removed by distillation. The liquid residue on distillation gave fore-runnings 
(2-2 g.), b. p. <78°/15 mm., a main liquid fraction (15-5 g.) of 1:2: 2: 2-tetrachloroethy! 
chloroformate (Found: C, 14-9; H, 0-7; Cl, 71-3. Calc. for C;HO,Cl,: C, 14-6; H, 0-4; Cl, 
72-0%), and finally a fraction (4 g.), b. p. 173—175°/15 mm., which formed crystals, m. p. 64 

from light petroleum (b. p. 60—80°)] of bis-1 : 2: 2 : 2-tetrachloroethyl carbonate (Found : C, 
15-5; H, 0-6; Cl, 71-6. Calc. for C;H,O,Cl,: C, 15-25; H, 0-5; Cl, 720%). This carbonate 
was obtained as main product (27 g.) when double the amount of chloral (29-5 g.) was used. 


Carbonates.—Commercially available dimethyl, diethyl, and diphenyl carbonates were 


suitably purified. Carbonates Nos. 13—18 were obtained by reaction of carbonyl chloride 


‘5 Ramsperger and Waddington, 7. Amer. Chem. Soc., 1932, 55, 214. 

46 Miller, Annalen, 1890, 258, 5°. 

47 “Chemistry Research,’ 1953. Department of Scientific and Industrial Research, pp. 37—38; 
1954, pp. 35—36 
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(1 mol.) with the appropriate epoxide (2 mol.).47 Compound 14 was a mixture of meso- and 
racemic forms which were not separated and, similarly, compound 15 was presumably a mixture 
of stereoisomers. Bis-2-chlorocyclohexyl carbonate (compound 17) was obtained in two 
crystalline forms, m. p.s 65—66° and 111°, corresponding to one or other meso- and racemic- 
form of the trans-trans-carbonate. Compound 18, which was derived from styrene oxide and 
carbonyl chloride, had m. p. 51°. This is either the meso- or racemic compound; the other form 
was also obtained but could not be purified by crystallisation. 

Ethyl trichloromethyl carbonate (No. 21) was prepared as described by Nekrassow and 
Melnikow ® from “ diphosgene’’ and ethyl alcohol. Methyl phenyl carbonate, ethyl phenyl 
carbonate, and ethyl resorcyl carbonate were prepared by standard methods. 

Cyclic Carbonates.—The synthesis of cyclic carbonates by condensation of epoxides with 
carbon dioxide has been studied by one of us.47_ Ethylene carbonate, propylene carbonate, and 
chloromethylethylene carbonate were thus prepared. Phenylethylene carbonate was prepared 
unintentionally while attempting to crystallise ethyl 2-chloro-1-phenylethylcarbamate from moist 
alcohols. Monochloro- and s-dichloro-ethylene carbonate were obtained by chlorination of 
ethylene carbonate, vinylene carbonate by dehydrochlorination of the mono-chloro-derivative, 
and the polymer by thermal polymerisation of the monomer with benzoyl peroxide as catalyst.‘” 
Independently, Newman and Addor,®® using the same methods, have prepared these last four 
compounds. 


The work described in this and the previous paper formed part of the programme of the 
Chemistry Research Board and is published by permission of the Director of the Chemical 
Research Laboratory. 


CHEMICAL RESEARCH LABORATORY, TEDDINGTON, MIDDLESEX. [Received, June 7th, 1956.) 


126. Oxygen Heterocycles: Part VII.* Spasmolytic Ketones in 
the Benzofuran Series, and Related Compounds. 
By Ne. Px. Buvu-Hoi, E. Bisacni, R. Rover, and C. Routier. 


In view of the therapeutic activity of khellin, several 2- and 3-aroylbenzo- 
furans bearing phenolic groups have been synthesised, and some of them 
found to display marked spasmolytic activity. In connection with this 
research, a number of new 3-aroylindoles have been prepared. 


KHELLIN, 5 : 8-dimethoxy-2-methylfurano(4’ : 5’-6: 7)chromone, has found wide thera- 
peutic application because of its spasmolytic properties. An attempt to find physio- 
logically active molecules of simpler chemical structure resulted recently in several 
chromone derivatives endowed with spasmolytic action.* It was interesting to investigate 
whether simplification, by suppression of the y-pyrone ring, to benzofuran derivatives 
would lead to active compounds. Biological studies under the direction of Professor 
Dallemagne (Liége) have shown that 2-p-hydroxybenzoylbenzofuran exerts a relaxant 
effect on the histamine and acetylcholine spasm and on the motility of guinea-pig intestine 
more pronounced than that of khellin itself. As clinical use of this compound is impeded 
by its cestrogenic activity,* the preparation has been investigated of other benzofuran 
ketones destined for biological examination. 

Friedel-Crafts condensation of p-anisoy] chloride with 2-ethylbenzofuran in the presence 
of stannic chloride readily gave 3-p-anisoyl-2-ethylbenzofuran (I; R = Me, R’ = H), which 
was converted into 2-ethyl-3-p-hydroxybenzoylbenzofuran (I; R = R’ = H) by demethyl- 
ation with pyridine hydrochloride. Bromination of this hydroxy-compound resulted in 

* Part VI, Routier, Buu-Hoi, and Royer, J., 1956, 4276. 


1 See Burger, ‘‘ Medicinal Chemistry,” Interscience Publ., Inc., New York, 1951, Vol. I, p. 238. 

* Schmutz, Lauener, Hirt, and Sanz, Helv. Chim. Acta, 1951, $4, 767; also personal communication 
from Professor C. Mentzer. 

* Unpublished results; 3-methylchromone did not show appreciable activity in these tests. 

* Bisagni, Buu-Hoi, and Royer, J., 1955, 3693. 
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disubstitution with formation of 3-(3 : 5-dibromo-4-hydroxybenzoyl)-2-ethylbenzofuran 
(I; R=H, R’ =Br); the stability of the compound towards alkalis indicated the 
nuclear site of substitution occupied by the halogen atoms, and reaction of methyl iodide 
with the sodio-derivative afforded 3-(3 : 5-dibromo-4-methoxybenzoy]l)-2-ethylbenzofuran 
(I; R = Me, R’=Br). Further proof of the stability and inertness of the benzofuran 
ring in these ketones was the bromination of 3-ethyl-2-p-hydroxybenzoylbenzofuran * to 
the dibromo-derivative (II). 






R’ 
co OR Et Br 
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Et R’ co OH 
@) — 
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2-Aroylbenzofurans were prepared by Rap-Stoermer condensation ® of aromatic 
«-bromo-ketones with salicylaldehyde; thus, the -bromo-derivatives of 3-chloro- and 
3-fluoro-4-methoxyacetophenone afforded 2-(3-chloro-4-methoxybenzoyl)- and 2-(3-fluoro- 
4-methoxybenzoyl)-benzofuran, which were demethylated in the usual way to the 
corresponding hydroxy-ketones. In preliminary tests im vitro, these various hydroxy- 
compounds all showed spasmolytic properties, the bromo-derivatives being the least 
active. For comparative studies, 2-(2-hydroxy-5-methylbenzoyl)- and 2-f-bromo- 
benzoyl-benzofuran, both of which lack the characteristic p-hydroxyl group, were prepared 
by the same method. An alternative route to 2-aroylbenzofurans consisted of Friedel- 
Crafts acylations with the chloride of coumarilic acid,* and this was used for the prepar- 
ation of 2-(4-hydroxy-1l-naphthoyl)benzofuran (III) via the methyl ether. 

In the course of this work, a number of new 3-acylindoles (IV; R = H) and 3-acyl-2- 
methylindoles (IV; R = Me), listed in the Table, were prepared by the Oddo reaction ? of 
various acid chlorides on the magnesium derivatives of indole and 2-methylindole. 
Detailed results of biological studies will be reported elsewhere. 


EXPERIMENTAL 


3-p-A nisoyl-2-ethylbenzofuran (I; R = Me, R’ = H).—To an ice-cooled solution of 2-ethyl- 
benzofuran ® (20 g.) and p-anisoyl chloride (23-5 g.) in dry carbon disulphide (150 c.c.), stannic 
chloride (40 g.) was added dropwise with stirring, and the mixture left for 3 hr. at room temper- 
ature, then poured into water. The organic layer was washed with dilute hydrochloric acid, 
then with water, and dried (Na,SO,), the solvent removed, and the residue (22 g.) crystallised 
from light petroleum, giving colourless prisms, m. p. 81° (Found: C, 77-3; H, 5-6. Cy ,gH,,O; 
requires C, 77-1; H, 5-8%). The orientation in this compound was deduced from the fact that 
2: 3-dialkylbenzofurans fail to undergo stannic chloride-catalysed acylation;*® the anisoyl 
group must therefore have entered position 3 of the furan nucleus. 

2-Ethyl-3-p-hydroxybenzoylbenzofuran (I; R = R’ =H).—A mixture of the foregoing 
ketone (20 g.) and redistilled pyridine hydrochloride (50 g.) was gently refluxed for 30 min., 


5 Rap, Gazzetta, 1895, 25, II, 285; Stoermer, Annalen, 1900, 312, 333; Stoermer and Schaeffer, 
r., 1903, 36, 2864. 
* Zwayer and von Kostanecki, Ber., 1908, 41, 1338. 
7 Oddo, Gazzetta, 1910, 40, II, 353; Buu-Hoi, Hodn, and Khéoi, J. Org. Chem., 1950, 15, 131; 
Buu-Hoi, Hoan, and Xuong, /., 1951, 3499. 
® Cf. Bisagni, Buu-Hoi, and Royer, J., 1955, 3688. 
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and, on cooling, dilute hydrochloric acid was added. The precipitated hydroxy-ketone which 
solidified overnight was dried and recrystallised from aqueous ethanol, then from cyclohexane, 
giving colourless prisms, m. p. 126—127° (12 g.), soluble in aqueous alkalis to yellow solutions 


3-A roylindoles. 
Found (%) Reqd. (%) 


Indole M. p. Formula Cc H Cc H 
SPIE On ss sceccoesesisiscasccesscosesees 208° C,.H,,;0,N 76-5 5-3 76-5 5-2 
3-0-ChlorobenZoyl- .......seeseeeeeereeeeeeeees 188 C,;H,,ONCI 70-1 3-9 70-4 3-9 
3-p-Ethylbenzoyl- .......ccccscccccccceseccecece 199 C,,H,,ON 81-8 6-0 81-9 6-1 
ee EE ccnanessascieusnesnsisetonnion 236 C,,H,,0N 83-8 4-6 84-1 4-8 
ee RIE Sscnccacsecccccessccscoseecasstes 257 C49H,,;0N 83-9 4-6 84-1 4-8 
3-1’-Naphthylacetyl- ..............seseeceeeeees 229 C,H, ,ON 84-1 5-0 84-2 5-3 
3-2’-Furoyl-2-methyl- .............sssseeeeees 165 C,,H,,0,N 74-9 4-6 74-7 4-9 
3-2’-Thenoyl-2-methy]- ............sssesseseee 167 C,,H,,ONS 69-6 45 69-7 4-6 
2-Methyl-3-phenylacetyl- .............sesee0e- 200 C,,H,,ON 81-6 5-9 81-9 6-1 
2-Methyl-3-1’-naphthylacetyl-............... 208 C,,H,,ON 84-1 5-5 84-3 5-7 
* Demethylation with pyridine hydrochloride afforded a dark substance, soluble in aqueous alkalis. 


®’ This compound and the two following ones were recrystallised from benzene. 


(Found: C, 76-3; H, 5-4. C,,H,,0O, requires C, 76-7; H, 5-3%). Into a solution of this 
compound (4 g.) in acetic acid (15 c.c.) and water (10 c.c.), bromine (4-8 g.) in acetic acid was 
stirred in small portions, and the mixture left for 4 hr. at room temperature; after dilution 
with water, the product was taken up in benzene, washed with aqueous sodium hydrogen 
sulphite, and dried (Na,SO,), the solvent removed, and the residue recrystallised from cyclo- 
hexane, giving 3-(3 : 5-dibromo-4-hydroxybenzoyl)-2-ethylbenzofuran (I; R =H, R’ = Br), 
yellowish prisms (4 g.), m. p. 147—148° (Found: C, 47-9; H, 2-9; Br, 37-3. C,,H,,0;Br, 
requires C, 48-1; H, 2-8; Br, 37-7%). A solutien of this compound (1-2 g.) and potassium 
hydroxide (0-2 g.) in ethanol (50 c.c.) was refluxed for 15 min. with methyl iodide (1 g.), and most 
of the solvent was distilled off. The precipitate formed on dilution with water crystallised 
from benzene, giving 3-(3 : 5-dibromo-4-methoxybenzoyl)-2-ethylbenzofuran (I; R = Me, R’ 
Br), colourless prisms (1 g.), m. p. 217—-218° (Found: C, 49-1; H, 3-0; Br, 36-3. C,,H,,0,Br, 
requires C, 49-3; H, 3-2; Br, 36-5%). 

2-(3 : 5-Dibromo-4-hydroxybenzoyl)-3-ethylbenzofuran (II).—A solution of 3-ethyl-2-p-hydr- 
oxybenzoylbenzofuran (1 g.) in aqueous acetic acid was treated with bromine (1-2 g.) in the 
usual way; the halogenated ketone formed yellowish prisms (1-2 g.), m. p. 147°, from cyclo- 
hexane (Found: C, 48-0; H, 2-8; Br, 37-3%). 

2-p-Bromobenzoylbenzofuran.—A solution of salicylaldehyde (8 g.) and potassium hydroxide 
(3 g.) in ethanol (150 c.c.) was refluxed for 4 hr. with w : 4-dibromoacetophenone (15 g.), the 
ethanol was distilled off, and the residue treated with water. The ketone (12 g.) crystallised as 
colourless needles, m. p. 151°, from cyclohexane (Found: C, 59-8; H, 3-1. C,;H,O,Br requires 
C, 59-8; H, 3-0%). 

2-(3-Fluoro-4-methoxybenzoyl)benzofuran.—Similarly prepared from salicylaldehyde (12 g.), 
potassium hydroxide (5-6 g.), and w-bromo-3-fluoro-4-methoxyacetophenone® (24 g.), this 
ketone formed colourless leaflets (15 g.), m. p. 114° (Found: C, 71-9; H, 4-0. C,,H,,0,F 
requires C, 71-7; H, 4:1%). A mixture of this compound (13 g.) and pyridine hydrochloride 
(25 g.) was refluxed for 45 min.; dilute hydrochloric acid was added after cooling, and the 
precipitate crystallised twice from benzene, giving 2-(3-fluoro-4-hydroxybenzoyl)benzofuran (8 g.), 
as yellowish prisms, m. p. 153—154° (Found: C, 70-2; H, 3-8. C,;H,O,F requires C, 70-3; 
H, 3-5%). 

2-(3-Chloro-4-methoxybenzyoyl) benzofuran.—Prepared in 48% yield from w-bromo-3-chloro-4- 
methoxyacetophenone (30 g.), salicylaldehyde (16 g.), and potassium hydroxide (7 g.) in ethanol 
(200 c.c.), this ketone, b. p. 280—285°/15 mm. (slight dec.), formed colourless needles, m. p. 110°, 
from ligroin (Found : C, 66-7; H, 3-9. C,,H,,0,Cl requires C, 67-0; H, 3-8%). 2-(3-Chloro-4- 
hydroxybenzoyl)benzofuran (8 g.), prepared from this ketone (12 g.) and pyridine hydrochloride 
20 g.), crystallised as pale yellow needles, m. p. 196°, from benzene (Found: C, 65-8; H, 3-4; 
Cl, 12-7. C,;H,O,Cl requires C, 66-0; H, 3-3; Cl, 13-0%). 

2-(2-Methoxy-5-methylbenzoyl)benzofuran.—Prepared from w-bromo-2-methoxy-5-methy]l- 
acetophenone (25 g.; prepared by bromination of 2-methoxy-5-methylacetophenone in acetic 

* Buu-Hoi, Xuong, and Lavit, J. Org. Chem., 1953, 18, 910. 
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acid), salicylaldehyde (12 g.), and potassium hydroxide (6 g.) in ethanol, this ke/one (12 g.) formed 
a pale yellow, viscous oil, b. p. 209—211°/3 mm. (Found: C, 76-5; H, 5-2. C,;H,,O; requires 
C, 76-7; H, 53%). 2-(2-Hydroxy-5-methylbenzoyl)benzofuran (9 g.), obtained on demethylation 
of the foregoing compound (11-5 g.), formed yellowish leaflets, m. p. 70—71°, from methanol 
(Found: C, 75-9; H, 5-1. C,,H,,O, requires C, 76-2; H, 4-8%). 

2-(4-Methoxy-1-naphthoyl)benzofuran.—This compound was prepared in two ways: (a) the 
Rap-Stoermer method, from salicylaldehyde (15 g.), 1-bromoacetyl-4-methoxynaphthalene 
(30 g.), and potassium hydroxide (6 g.), gave the ketone (35%), b. p. 250—255°/1 mm., colourless 
needles, m. p. 139° (from methanol) (Found: C, 79-1; H, 4:6. C,9H,,0O, requires C, 79-4; H, 
4-6%); (6) by Friedel-Crafts condensation (70% yield) of coumariloyl chloride (18 g.), methyl 
a-naphthy]l ether (16 g.), and aluminium chloride (15 g.) in nitrobenzene at room temperature. 

2-(4-Hydroxy-1-naphthoyl)benzofuran (111), prepared from the foregoing ketone (9 g.) and 
purified via its sodium salt, formed yellowish prisms (7 g.), m. p. 206°, from benzene (Found: C, 
79-2; H, 3-8. CC, 9H,,O, requires C, 79-2; H, 4-2%). 

Oddo Synthesis of 3-Acylindoles —To a Grignard reagent prepared from ethyl bromide (13 g.) 
and magnesium (3 g.) in anhydrous ether, indole (5 g., or the equivalent amount of 2-methy]l- 
indole) was added, and the mixture refluxed for 2 hr. on the water-bath; the solution was cooled 
in ice, and the appropriate acid chloride (1 mol., dissolved in ether) was added in small portions 
with stirring, and the mixture refluxed for a further hour. After cooling, cold"10°, aqueous 
ammonium chloride was added, and the solid formed on evaporation of the ether was washed 
with water, dried, and crystallised from methanol. Yields were 60—70%. 


The authors thank Dr. G. H. Deltour (Labaz Laboratories, Brussels) for organising the 
biological tests. 
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127. An Antibiotic Similar to Xanthomycin A. 
By D. K. DouGALL. 


A species of Streptomyces (N.C.I.B. 8697), obtained from a sample of 
Malayan soil, has been shown to produce an antibiotic that is either identical 
with, or very similar to, xanthomycin A. Some of the properties of the 
antibiotic isolated from the culture fluid of the Malayan Streptomyces are 
different from those described by Rao and Peterson ! for xanthomycin A, but 
an explanation of these discrepancies is presented. The titration curve of 
the antibiotic is discussed together with the results of estimation of the simple 
bases liberated by acid hydrolysis. 


XANTHOMYCIN A, an antibiotic produced by an unidentified Streptomyces, was first 
described by Thorne and Peterson? in 1948. Mold and Bartz ® isolated an antibiotic 
which was either identical with, or very similar to, xanthomycin A. Rao and Peterson * 
subsequently described the behaviour of the antibiotic and interpreted it as indicating the 
presence of a benzoquinone system in the molecule. Rao, Peterson, and van Tamelen 4 
described some degradations of the antibiotic. They showed that 2-aminoethanol, methyl- 
amine, and ammonia were present in acid hydrolysates. 

In a preliminary communication, Dougall and Abraham 5 reported the isolation of an 
antibiotic from the culture fluid of a Streptomyces isolated in Malaya (N.C.1.B. 8697). 
Some of its properties were so similar to those reported for xanthomycin A that it seemed 
possible for the two substances to be identical. In other properties, however, there 

1 Rao and Peterson, J. Amer. Chem. Soc., 1954, 76, 1335, 1338. 

2 Thorne and Peterson, J. Biol. Chem., 1948, 176, 413. 

. Mold and Bartz, J. Amer. Chem. Soc., 1950, 72, 1847. 
5 


Rao, Peterson, and van Tamelen, ibid., 1955, 77, 4327. 
Dougall and Abraham, Nature, 1955, 176, 256. 
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appeared to be surprising differences. The work described in the present paper suggests 
an explanation of this apparent inconsistency. 

The antibiotic produced by the Malayan Streptomyces was isolated from the culture 
fluid by extraction into trichloroethylene. It was present in the culture fluid in at least 
two forms, one of which was extracted rapidly into the solvent while the other required 
8—12 hours’ stirring with solvent for maximum extraction. The relative proportions of 
the two forms varied with the conditions of growth of the organism and in the later cultures 
the rapidly extracted form predominated. Further purification of the antibiotic was 
effected by transferring the active material into and out of water by varying the pH of the 
aqueous phase. The final aqueous extract was freeze-dried and yielded the antibiotic 
dihydrochloride as an orange amorphous powder. The most potent preparations obtained 
had a specific antibacterial activity of 1500 units/mg. Assay of the antibiotic was carried 
out by the hole plate method ® with Staphylococcus aureus (N.C.T.C. 6571) as test organism. 
The unit of activity was defined in terms of the weight of a standard preparation, so that 
one unit/ml. gave a zone of inhibition of approx. 25 mm. diam. 


JOLT 


ic. 1. Eight-transfer countercurrent distribution of the 
antibiotic between equal volumes of trichloroethylene and 
0-5N-sodium citrate buffer at pH 6-0 (upper phase 
mobile). 

+, % of total dry weight. 

OO, relative antibacterial activity. 

x, relative ninhydrin colour density before hydrolysis. 

@, relative ninhydrin colour density after hydrolysis. 

The broken line ts the calculated curve due to a component 
(90°%) with a partition coefficient K = 0-6. 
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Material of specific activity 1500 units/mg. was shown, by an eight-transfer counter- 
current distribution, to contain one component which accounted for 90% of the total 
material (see Fig. 1). This component could be crystallized as a dihydrochloride and it 
was subsequently shown that samples of the amorphous dihydrochloride of activity 
1500 units/mg. could also be crystallized. The antibiotic dihydrochloride which had been 
crystallized twice appeared to contain only one component when subjected to ionophoresis 
on paper at pH 7-0. It could be located by its antibacterial activity and by its reaction 
with ninhydrin. The twice crystallized hydrochloride from different batches of material 
had similar antibacterial activity and exhibited similar physical and chemical properties. 

The dihydrochloride of the antibiotic was shown to be very hygroscopic and the amount 
of water it absorbed varied rapidly with the time of exposure to the air. Elementary 
analyses indicated an atomic N:Cl ratio of 3:2. Ifthe presence of water was allowed 
for, the analytical values were in approximate agreement with the empirical formula 
C43H9-330,N3,2HCl proposed by Rao and Peterson! for xanthomycin A. However, the 
divergence of different analyses leaves this formula provisional. 

In Table 1 the more important biological, physical, and chemical properties of the 
antibiotic isolated from the Malayan Streptomyces are listed and compared with the 
properties of xanthomycin A reported by Rao and Peterson.! The clear difference in the 
midpoints of the titration curves (the pK values) of the ionizable groups of the two 
antibiotics (7-3 and 3-0 for the antibiotic from the Malayan Streptomyces, and 4-5 and 2-0 
for xanthomycin A) seemed to indicate that the substances were different. However, the 


* Brownlie, Delves, Dorman, Breen, Grenfell, Johnson, and Smith, J. Gen. Microbiol., 1948, 2, 40. 
Y 
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infrared spectra (see Fig. 2) showed only minor differences in the region of 9-0 » (thought to 
be due to difference in the resolution obtained with different spectrometers 7) and it was 
concluded that the two specimens used were very similar and were probably identical. 
This could not be confirmed by direct comparison because the samples of xanthomycin A 
in Professor Peterson’s possession had decomposed. 

The major points of difference between the two sets of properties shown in Table 1 
are the differences in the pK values of the ionizable groups, the uptake of hydrogen in the 
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/00 Fic. 2. Comparison of theinfrared spectrum 

of xanthomycin A (A, redrawn from Rao 
and Peterson ') with the antibiotic dihydro- 
chloride (B). Samples in paraffin paste. 
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TABLE 1. Comparison of some reported ' properties of xanthomycin A with those of the 
antibiotic isolated from the culture fluid of the Malayan Streptomyces. 


Antibiotic from 


Property Malayan Streptomyces Xanthomycin A 
Antibacterial activity Highly active against Gram-posi- Highly active against Gram-posi- 
tive bacteria tive bacteria 
Toxicity 30 ug. killed a mouse (20 g.) M.L.D.;, to mice (20 g.) 3-2 yg. 
pK values 7:3, 3-0 4-5, 2-0 
[a]n of the hydrochloride + 98° (water) +- 115° (water) 
Ultraviolet absorption spectra : 
(a) in 0-01N-HCI Amax, 263 mp (1%, 179) Amax, 265 mp (E}%, 196) 
350 mp (E }%, 16-4) 345 mp (E1%, 19-8) 
()) in EtOH Amax. 267 mp (E}%, 182) Amax, 288 mp (E}%, 148) 
(for a sample whose pH in water 460 mp (E}%, 118) 
was 7-0) (free base) 
Degree of unsaturation Absorbed 3 mols. H,/540g.(Pd—C) Absorbed 2 mols. H,/mole (PtO,) 
Stability : 
(a) in alkali 12% of the activity lostin 15 min. Decomposed rapidly above pli 
at pH 11-0 6-0 
(b) in acid Activity not changed after 15 14% activity lost at 100° in n- 
days in n-HCl acid. No loss at 20° in N-acid 
in 60 min. 
Bases detected after acid hydro- NH,Me, 2-aminoethanol NH,Me, 2-aminoethanol, NH, 
lysis 


presence of palladium-charcoal, and the ultraviolet absorption spectrum of the free-base 
form of the antibiotic. When measured in aqueous solution at various pH values the 
ultraviolet absorption of the antibiotic from the Malayan Streptomyces did not resemble 
that described for the free-base xanthomycin A. However, when an attempt was made to 


? Dr. F. B. Strauss, personal communication. 
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convert the antibiotic dihydrochloride into the free base by the method which was reported 
by Rao and Peterson ! to yield xanthomycin A from its salts, the ultraviolet absorption 
spectrum of the product was very similar to that described for xanthomycin A. The 
properties of this product (subsequently referred to as the “ free base ’’) are compared with 
the properties described for xanthomycin A in Table 2. The two groups of properties are 
sufficiently alike to suggest that the two products are closely related and to confirm that 
the antibiotic from the Malayan Streptomyces is very similar to, or identical with, 
xanthomycin A. 


TABLE 2. Comparison of the properties of the “‘ free base’”’ from the antibiotic produced 
by the Malayan Streptomyces with those reported for free-base xanthomycin A. 


Property “‘ Free base ”’ Xanthomycin A 
pK values 4-8 4-5, 2-0 
Stability Decomp. above pH 8-0 Decomp. above pH 8-0 
Degree of unsaturation absorbed 2 mols. (H,/460 g. absorbed 2 mols. H,/460 g. 
(Pd-C) (PtO,) 
Ultraviolet absorption in EtOH Amax. 287 mp (EY%,, 124) Amax. 288 mp (E%, 148) 
450 my (E}%,, 63) 460 mp (E}%, 118) 
Aina, 315 mp (E}%,, 90) Aina. 315 mp (E}%, 116) 


Further examination of the material termed the “ free base ’’ revealed that it contained 
only 20% of the activity of the starting material, and was not homogeneous when 
subjected to ionophoresis on paper at pH 7-0. Ninhydrin revealed the presence of three 
components, the largest of which was neutral and possessed no antibacterial activity. The 
antibacterial activity of the preparation was associated with a basic component which 
migrated to the same position as the antibiotic itself. The smallest component behaved 
in the same way as 2-aminoethanol. Further, after treatment of the “ free base’ with 
hydrochloric acid, neither the ultraviolet absorption spectrum nor the antibacterial activity 
returned to that of the antibiotic dihydrochloride. 

Thus it seems that, although the “ free base ’’ prepared from maethheny cin A and from 
the antibiotic produced by the Malayan Streptomyces are similar, yet during the prepar- 
ation of the “‘ free base ’’ from the antibiotic dihydrochloride by the method of Rao and 
Peterson 1 the material had undergone an irreversible transformation. 

The titration curve reported by Rao and Peterson! for xanthomycin A seems to be 
that of the “‘ free base ’’ and is different from that of the antibiotic dihydrochloride isolated 
from the Malayan Streptomyces. The titration curve of the antibiotic dihydrochloride 
(Fig. 3) is reversible up to pH 10-5 and together with the effect of pH on the partition 
coefficient of the antibiotic shows the presence of two basic groups in the molecule. The 
amount of alkali required to discharge each group in the molecule indicated that the 
equivalent weight of the antibiotic dihydrochloride is approx. 540. If a sample of the 
antibiotic is maintained at pH 11-5—12-0 for two hours and then titrated, a second curve 
(see Fig. 3) is obtained. The product can be titrated reversibly and has-groups with 
pK values of 9-5, 4-5, and 3-0. This material is found almost exclusively in the aqueous 
phase when it is distributed between chloroform and water at pH 6-0, which suggests that 
the group with pK 9-5 is basic and that one of the remaining groups is acidic. The pk 
values of 9-5 and 4-5 might well be assigned to an amino- and a carboxylic acid group 
respectively. However, the result of alkali treatment of the antibiotic cannot be described 
merely in terms of the hydrolysis of an amide linkage because the appearance of the basic 
group with pK 9-5 was accompanied by the disappearance of a basic group with pK 7:3. 

When the antibiotic from the Malayan Streptomyces was hydrolysed in hydrochloric 
acid, methylamine and 2-aminoethanol were liberated.5 Estimation of the methylamine 
present in hydrolysates of the antibiotic by Conway’s method, or by distillation and 

8 Conway, Biochem. J., 1935, 29, 2755. 
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chromatography on Dowex 50-X4, indicated that 0-4—0-6 mole of this base was liberated 
from 540 g. of the dihydrochloride. Estimation of 2-hydroxyalkylamines in the 
hydrolysates by Gordon, Martin, and Synge’s method ® indicated that 1-8—1-9 moles of 
compounds similar to 2-aminoethanol had been liberated by the hydrolysis in addition to 
0-4—0-6 mole of methylamine. When the 2-aminoethanol was recovered from hydrolysates 
of the antibiotic by azeotropic distillation with toluene ” and chromatography on 
Dowex 50-X4, only 0-5 mole of 2-aminoethanol/540 g. of the dihydrochloride was obtained. 








I2r j 
rz? 
og 
10 }- B 
gL Fic. 3. Titration curve of the antibiotic dihydro- 
A chloride in water at room temperature. 
A, titration with alkali. 
= rae f 8 B, titration with acid after 2 hr. at pH 11-7. 
J The broken line shows the region of breakdown of the 
material. 
- 
4+ 
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This could indicate that only one mole of base obtained in the estimation of 2-hydroxyalkyl- 
amines arose from 2-aminoethanol and the remainder from another 2-hydroxyalkylamine 
which was not volatile in toluene. 


EXPERIMENTAL 


Isolation of the Antibiotic.—Cultivation of the Streptomyces (N.C.1I.B. 8697) was carried out at 
the Medical Research Council’s Antibiotics Research Station, Clevedon, and the resulting 
culture fluid (250 1.) was adjusted to pH 4-0 and filtered to remove the mycelium. The clear 
filtrate was stirred with trichloroethylene (0-1 vol.) for 15 min. and the pH maintained at 9-0—9-5 
by the occasional addition of sodium hydroxide. The solvent was removed by centrifugation 
and the extraction repeated twice. The combined trichloroethylene extracts were concentrated 
to approximately 2 1. in a climbing film evaporator 1! at approx. 26°. 

This solution was extracted with water (2 x 0-1 vol.) maintained at pH 3-0—3-5 with hydro- 
chloric acid The active material was extracted from the aqueous phase (maintained at pH 
6-0—6-5) into chloroform (2 x 0-1 vol.). Finally, the active material was removed from the 
chloroform by two extractions with a convenient volume of water, the pH of which was 
maintained at 2-0—2-5 by addition of hydrochloric acid, and the aqueous solution was freeze- 
dried. The yield was 0-4—1-4 g. This material was crystallized from 10% water—propan-1-ol 
by the addition of acetone and yielded the antibiotic dihydrochloride. This salt ([a],) -+-100°; 
c 0-4 in H,O) decomposed without melting at approx. 145°. Samples for analysis were dried 
in vacuo atroom temperature but no special precautions were taken to avoid subsequent 
hydration (Found: C, 51-0, 49-5, 50-3; H, 6-4, 7-1, 6-8; N, 6-6, 7-5, 7-1; Cl, 12-6, 14-3, 12-3. 
Calc. for CysH yg 330;N3,2HCI1: C, 51-7; H, 5-8—6-2; N, 7-9; Cl, 13-2%). 

Countercurrent Distribution.—The system used consisted of equal volumes (4 ml.) of trichloro- 
ethylene and 0-5M-sodium citrate in equilibrium at pH 6-0. The countercurrent distmbution 


was carried out in the fundamental manner }* with the upper aqueous phase moving. After 


* Gordon, Martin, and Synge, Biochem. J., 1943, 37, 538. 
1 Synge, ibid., 1945, 39, 355. 
11 van Heyningen, Brit. J. Exp. Path., 1949, 30, 302. 


12 Craig and Craig, ‘‘ Techniques of Organic Chemistry,” Interscience Publ., Inc., London, 1950, 


Vol. 111, p. 171. 
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eight transfers, the aqueous phase of each tube was adjusted to pH 9-0—9-5 at equilibrium with 
sodium hydroxide and discarded. The trichloroethylene in each tube was washed with water 
(1 ml.) (pH 9-0—9-5), and the washings were discarded. The trichloroethylene in each tube was 
extracted with 0-25n-acetic acid (4-0 mi.) and yielded an aqueous solution of the antibiotic 
acetate. The results of determinations of the antibacterial activity and the ninhydrin colour 
densities before and after hydrolysis were related to the determinations of the dry weight of 
material in each tube, and are shown in Fig. 1. 

The material in tubes 1—4 was converted into the dihydrochloride by extraction into chloro- 
form and back into dilute hydrochloric acid. 

Examination of Hydrolysates of the Antibiotic—The antibiotic was hydrolysed by hot n- or 
6Nn-hydrochloric acid in nitrogen-filled sealed tubes at 105° for 10—16 hr. The excess of acid 
was evaporated in a vacuum-desiccator, and the residues dissolved in water. To isolate the 
bases, a sample of the antibiotic dihydrochloride (50 mg.) was hydrolysed in 6N-hydrochloric 
acid (1 ml.) as above for 10 hr. The hydrolysate was dried in vacuo in the outer compartment 
of a standard Conway cell, and the volatile bases were distilled from saturated potassium 
carbonate (2 ml.) into N-hydrochloric acid (1 ml.) in the centre compartment. The solution 
from the centre compartment was dried im vacuo. The residue from the outer compartment of 
the Conway cell was azeotropically distilled with toluene, and the aqueous distillate acidified 
and evaporated to dryness. 

The bases volatile from potassium carbonate at 37° were chromatographed on a column of 
Dowex 50-X4 (105 x 0-9 cm.) and eluted with 0-97N-hydrochloric acid.1* Chromatography of 
authentic specimens under these conditions disclosed peaks for ammonia at 146 ml., 2-amino- 
ethanol at 155 ml., and methylamine at 176 ml. (When authentic samples were chromatographed 
on Dowex 50-X8 in the manner described by Rao, Peterson, and van Tamelen * the order of 
elution was 2-aminoethanol-ammonia-—methylamine.) The peak at 176 ml. from the bases 
volatile from potassium carbonate at 37° accounted for 89% of the ninhydrin colour density of 
the material applied to the column and the material in this band behaved in the same way as 
methylamine when subjected to ionophoresis on paper at pH 7-0. 

The elution curve of the bases recovered by azeotropic distillation showed peaks at 158 ml. 
and 177 ml. The first was shown to be due to 2-aminoethanol and the second to methylamine, by 
ionophoresis on paper at pH 7-0. 2-Aminoethanol accounted for 87%, and the methylamine 16% 
of the ninhydrin colour density of the material applied to the column. 

The recovery of bases by this method (a) is compared with the recovery by the methods of 
Conway ® and of Gordon, Martin, and Synge ® (b) in the annexed Table. 


Moles of base recovered from 540 g. of the antibiotic. 


Method Methylamine 2-Aminoethanol 
(a) Chromatography — ........sseceeeeseeeeeee 0-39 0-53 
(b) Distilln. and titration — .............seeee 0-55 1-8 * 


* Estimated as NH, liberated from 2-hydroxyalkylamines by periodate oxidation. 


I am indebted to Dr. E. P. Abraham for advice and for much helpful discussion, to 
Messrs. Hale, Kelly, and Miiler of the Medical Research Council’s Antibiotics Research Station 
at Clevedon, Somerset, for the preparation of culture fluids and concentrates of the antibiotic, 
and to the Australian National University for a scholarship. 


Str WILLIAM DuNN SCHOOL OF PATHOLOGY, OXFORD. [Received, August 3rd, 1956.) 


13 Hirs, Moore, and Stein, J. Amer. Chem. Soc., 1954, 76, 6063. 
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128. Conductimetric Studies in Ketonic Solvents. Part III. Alkali 
Iodides and Salicylates in Ethyl Methyl Ketone and Acetophenone. 


By S. R. C. HuGuHeEs. 


Comparison of data for alkali-metal iodides in dry ketonic media gives 
little support to the idea that their cations are de-solvated by coulombic 
association, but the contrasting behaviour of alkali-metal salicylates in these 
solvents requires the presumption of considerable cation-desolvation. 


WE have hitherto only studied the conductimetric behaviour of potassium iodide, selected 
as a suitable electrolyte common to most earlier work, to explore solvent qualities. Ethyl 
methyl ketone of the quality referred to in Part II } seems a suitable medium for comparing 
the behaviour of different electrolytes. Acetophenone is readily obtained and kept dry, 
as shown by the small ranges of its phvsical data in the literature.2* Previous conductivity 
measurements in acetophenone** appear to have suffered from the application of 
inappropriate solvent corrections. 

Measurements in these two solvents have therefore been carried out on alkali-metal 


TABLE 1. Conductivities in dry ethyl methyl ketone at 25°. 


Solvent conductances («,) from 4-7 x 10-*§ to 0-36 x 10-8. 


10*c A 10*c A 10*c A 
10% A 10*c A 104c A Sodium salicylate [A, = 126-8 (indirect) ; 
Sodium iodide (A, = 147-7; K = 2-47 x 10°). K = 4:35 x 10-4]. 


0-6633 139-6 2-072 131-7 3-342 125-7 0-6390 30-43 2-673 15-92 5-160 11-54 
0-8424 139-5 2-631 129-3 4465 122-5 0-7432 29-37 3-586 13-78 6-837 10-08 
1-060 138-4 3-205 126-4 6-053 120-7 1-356 21-80 3-804 13-48 7-320 9-815 
1-368 135-2 3-225 127-0 5-359 119-6 2-321 17-05 5-159 11-66 
1-922 131-7 

Lithium salicylate [A, = 126-3 (indirect) ; 


Lithium iodide (A, = 147-2; K = 2-72 x 10°). K< 55 xX 1077). 
0-7753 «137-6 4963 121-6 9-187 112-7 Kraus—Fuoss plot: K = 4-98 x 10-7; K5, = 3-58 
1-759 132-4 5-110 121-4 10-59 109-5 x 36” 


1-794 1331 7-706 114-8 20-47 98-58 Wooster plot: K = 393x107; K,, = 0-89 


2-959 128-3 x 10~ 
; ; 0-9386 9-430 4-187 6-080 25-46 4-851 
Potassium salicylate (A, = 129-9; K = 3-49 1-412 8-021 5-870 5-782 39-68 4-563 
x 10°). 2-341 6-846 6-266 5-775 49-23 4-414 


0-3157 = 82-08 2-456 42-65 6-972 27-38 2-823 6-555 9-309 5-469 97-81 3-888 
0-6816 66-28 3-709 36:19 9-253 24-18 3-228 6-375 10-17 5474 185-1 3-403 
1-198 55-69 4-729 32:33 9-519 24-14 3-685 6-342 13-43 5-318 343-0 2-920 
2-333 42-99 5-652 30°55 


iodides whose dissociation constants are high and closely grouped, and also on the corre- 
sponding salicylates, which are weakly dissociated to extents depending on the cation. 
The results are shown in Tables 1—3.* 


* Concentrations are in moles/litre. Percentages of water are w./w. The values of A, and K at 
the head of each column are from the Fuoss plot except where otherwise stated. Kg, refers to bilateral 
ternary dissociation and K;, to unilateral ternary dissociation; in the former case Ags is taken 
arbitrarily as 4A, and in the latter as $A». 


1 Part II, J., 1956, 998. ; 

* Perkin, J., 1896, 69, 1025; Sugden, J., 1933, 768; Guia and Guastalla, Chimie et Industrie, 
1933, 29, 268; Timmermans and Hennaut-Roland, International Conference (Brussels), J. Chim. phys., 
1935, 32, 501. 

* Morgan and Lammert, J. Amer. Chem. Soc., 1924, 46, 881 

* Dutoit and Nicollier, Z. Elektrochem., 1906, 12, 643. 
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TABLE 2. Conductivities in wet ethyl methyl ketone at 25°. 
10*c A 10*c A 104c A 10*c A 104c A 104c A 


Potassium salicylate 
Solvent containing 1-25% of water (10’x, = 0-92— 


Sodium salicylate 
Solvent containing 1-25% of water (107, = 1-02— 





0:73; A, = 120-0,; K = 5-33 x 10°). 0-64; <A, (indirect) = 119-5; K = 2-57 x 1075). 
0-3626 81-94 2-572 44:38 7-350 29-95 0-0972 67-64 2-352 17-74 4-041 13-80 
0-6294 71-09 3930 36-09 9-495 27-07 0:1599 56:10 2-662 1689 6-419 11-01 
0-9237 63-42 4-083 31-96 11-98 24-82 1-040 25:09 3-011 15:80 9-886 9-19 
1-922 50-93 5-065 3454 14-95 21-25 1-917 19-23. 3-016 15-71 10-16 8-90 
Solvent containing 1-83% of water (10’x, = mary salicylate 

0-32 x 1077; Ay = 116-1; K = 2-86 x 10~). Solvent containing 1-25% of water [107«, = 1-24— 
0-4923 98-07 4-985 56-48 0-66; A, (arbitrary) == 115; K<8-43 x 1077). 
1-730 78-09 8-960 47-10 Kraus~Fuoss plot; K=17-78 x10"; K, = 

5-99 x 10-4. 
Solvent containing 3-40% of water (107x, = 1-087; Wooster plot : K = 17-59 x 10°; K,, = 2°34 
Ag = 113°0; K = 3-96 x 10). x 10. 
1-670 86-34 11:39 53-81 0-3833 16-03 1-855 8-037 8-116 5-087 
3-413 74-95 15-52 49-00 0-6061 12-74 3-406 6-603 10-42 4-916 
5-883 65-40 0-8835 11-08 4-254 6-099 1680 4-794 
1-277 9-262 5-124 6-745 32-82 4-444 
1-331 9-160 6-963 5-421 78-07 4-144 
1-826 7-911 
TABLE 3. Conductivities in dry acetophenone at 25°. 
107x, from 1-208 to 0-031. 
10 A 104c A 104c A 104c A 104c A 104c A 
Potassium iodide (A, = 38-13; Potassium salicylate (A, = 27-62; 
K = 5:22 x 10°). K = 1-90 x 10°). 
0-7566 36°34 2-874 34-38 6-259 32-49 0-4252 22-49 1-288 19-08 2-821 15-63 
0-8189 36-29 3-795 33-79 6-270 32-44 0-4828 21-48 1-299 19:23 4-123 13-70 

1-081 36-04 4-442 33-50 6-303 32-51 0-6504 21-48 2-587 15:97 6-437 11-45 
1-857 35:17 4637 33-15 6-722 32-26 0-7263 20-65 
2-058 35-01 4-767 33-09 8-385 31-40 

Sodium salicylate [A, (indirect) = 27-04; 

Sodium iodide (A, = 37-55; K = 5-94 x 10°). K = 1-01 x 107°]. 

08321 35:60 4-176 32:96 9-078 30-57 0-6106 9-718 2-552 4-976 5-573 3-755 
1-076 35-45 5-826 32-16 10-31 30-13 09353 7-805 4009 4-084 7-069 3-009 
2-646 34:02 6-680 31-60 1630 28-41 2-164 5-555 4430 3-804 
3-368 33-55 

Lithium salicylate [Ag (indirect) = 24-76; 

Lithium iodide (A, = 35-27; K = 6-83 x 10°). K< 7-55 x 10° 
1-179 33-32 4604 31-35 10:78 28-66 ##Kraus—Fuossplot: K = 7-01 x 1077; ; Kyy = 9-96 
2-114 32-60 5-622 30-38 13-12 28-50 x 10>. 

2-591 32-89 7-012 30-16 18-88 26-97 Wooster plot: K =696 x 10-7; K,, = 2-73 
3-368 31-59 x 10>. 
1-575 1-613 8-191 0-9727 16-47 0-8354 
1-824 1589 8-217 0-9598 27-63 0-7705 
3-700 1-201 15-56 0-8521 29-43 0-7509 
3-760 1-166 
EXPERIMENTAL 


Conductivity Measurements and Purification of Solvents.—These followed the procedure used ! 
for ethyl methyl ketone. Acetophenone was purified by three fractional freezings followed 
by two distillations by dry-space procedure, d}* = 1-0238; 73° = 0-01675 (cf. refs. 2, 3). This 
solvent was protected from the light, and the conductivity cell enclosed in a light-proof jacket 
when containing it. Potassium iodide and potassium and sodium salicylates dissolved only 
slowly in acetophenone, precluding the exploration of wide concentration ranges. 

Purification of Solutes.—Potassium iodide was purified as described in Part I.6 Sodium 
iodide, after two recrystallisations from hot conductivity water, was baked to constant weight 
at 120° and stored in a desiccator. Lithium iodide was dehydrated by Hart and Partington’s 
method ; * all normally accepted desiccants rehydrated it. The manipulation of this salt and 


1954, 953. 
1943, 104. 


5 Dippy and Hughes, /., 
* Hart and Partington, /., 
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of sodium iodide was only possible within the dry-space. All iodides were analysed by 
Andrews’s method,’ the lithium iodide being simultaneously sampled for analysis with each set 
of conductivity measurements. The alkali salicylates were recrystallised twice from conduc- 
tivity water with a high degree of rejection, the concentrated solutions being filtered through 
hardened filter-cones; the recrystallised salts were dried at 110° and stored in desiccators. 
They were analysed by ignition to constant weight with sulphuric acid. 


DISCUSSION 
Alkali-metal Iodides.—Our results and those reported by others *4%° have been 
analysed by Fuoss’s method to give the values of A, and K shown in Table 4. Except 
for Morgan and Lammert’s data,* to which a uniform solvent correction was applied 
throughout, A, decreases in the order KI > Nal > Lil ascribed to solvation, and the 
dissociation constants in the reverse order. 


TABLE 4. Hydrodynamic and association dala for alkali iodides in ketonic solvents. 


Ionic radius parameters (A) 


Bjerrum Stokes 

para- Stokes—Bjerrum cation 

meter mutual solution radius * 
Solvent Salt \o 1A (A) Yr, a 4. 
Ethyl methyl ketone (dry) * KI 150-8 2-13 3-65 = -_— 4-13 
Nal 147-7 2-47 3°87 — -- 4-43 
Lil 147-2 2-76 3-96 _- = 4-49 
Ethyl methyl ketone (water con- KI 144-9 2-42 3-58 —- _- 4-24 
tent 0-69%) ° Nal 137-0 3-98 4-32 — — 5-07 
Acetophenone (dry) ° KI 38-13 5-22 6-36 4-59 1-77 3-10 
Nal 37°55 85-94 6-94 5-21 1-73 3-25 
Lil 35-27 6-83 7-59 5-79 1-80 3-79 
Acetophenone ¢ Nal 36-76 4-55 5°84 3-82 2-02 3-40 
Acetophenone * KI 39-37 4-51 5-80 4-03 1-78 2-88 
Nal 39-91 2-28 4-19 -= —- 2-79 


* Stokes’s radius of I~ is taken as the crystallographic value (2-16 A). Alternative arbitrary 
values lying between 1-73 A and 2-36 A (cf. Grade I acetone *) do not seriously disturb the parailelism 
between Stokes and Bjerrum radii in the dry solvents. 

* Part I* and present work. * Ref. 9, recalculated. ‘° Present work. 4 Ref. 4, recalculated. 
* Ref. 3, recalculated. 


Data for acetophenone for all three salts can be treated by the quadratic-equation 
method 5 to give radii compatible with both Stokes’s and Bjerrum’s equations; those for 
ethyl methy] ketone do not conform to this analysis. The radii ascribed to the iodide ion in 
acetophenone are consistent, some 0-4 A below the crystallographic radius, recalling those 
emerging from the data for potassium iodide in acetone.® 

Cation radii, calculated by assuming a crystallographic iodide ion radius, are compared 
in the Figure, which shows that in each solvent the hydrodynamic parameters vary with 
the alkali metal in a manner parallel to the corresponding Bjerrum distances. Such 
relationships are strictly conventional and open to alternative interpretations. The 
simplest, that of rigidly solvated spheres, is subject to the errors inherent in Stokes’s 
and Bjerrum’s theories. Alternatively the theory of association-desolvation may be 
applied with the proviso that the degree of such desolvation is in almost constant propor- 
tion to the hydrodynamic radius. 

Corresponding comparisons of potassium and sodium iodides in acetone,*:!° while 
agreeing in the sequence of A, values KI > Nal, show dissociation constants decreasing 
in the same order. This may be ascribed to the effects of water in this solvent. 


? Andrews, J. Amer. Chem. Soc., 1903, 25, 756. 

® Walden, Ulich, and Busch, Z. phys. Chem., 1926, 123, 429. 
* Walden and Birr, Z. phys. Chem., 1931, A, 158, 1. 

‘© Dippy, Jenkins, and Page, J., 1939, 1386. 
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Alkali-metal Salicylates—Fuoss analyses !! of the data for potassium salicylate give 
both Ay and K; A, for the sodium and lithium salts can then generally be obtained from 
the parallel iodide data. Sodium salicylate conforms to Fuoss analyses for K values but 
lithium salicylate gives plots of decreasing slope indicating ternary association. Up to 
10°°m application of Kraus and Fuoss’s procedure !* to the data for lithium salicylate 
supposes the bilateral formation of triple-ions; Wooster’s }* analysis applies to the 
unilateral process. There is a barely perceptible curvature in the plots obtained by 
assuming a bilateral process for all three media. The binary constants from both 
procedures agree closely with each other as do their upper limits estimated from the 


Relative cation radii of alkali iodides based on the radius of the iodide ion = 2-16 A. 
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steepest portions of the Fuoss plots. Unilateral triple-ion formation seems the more 
probable basis of the effect. 


TABLE 5. Association parameters (A) of alkali salicylates in ketonic solvents. 
Ternary parameters 


Water Binary parameters for C;H,;O;Li 
Solvent (% w./w.) C,H,O;K C,;H;O;Na C,H;0,;Li Bilateral Unilateral 

RA”  viisesteintiicines 0-68 ° 2-14¢ 1-73 4 _— — — 
Ethyl methyl ketone ... —_ 1-95 1-65 1-43 0-797 0-746 

1-25 2-02 1-78 1-39 0-780 0-722 

1-83 2-30 

3-40 2-14 
Acetophenone * .........+++ — 2-52 1-89 1-56 0-921 0-837 


* Recalculated from ref. 10. *% Estimated. 10°K = 3-17; Ag = 151-3. 4 105K = 4-45; 
A, (indirect) = 148-4. * Present work. 


Although the dissociation constant of potassium salicylate is much increased by wetting 
the ethyl methyl ketone, the Bjerrum parameters (Table 5) derived by use of appropriately 
increased bulk dielectric constants are almost unchanged. The consequent suggestion 
that association of salicylates is electrostatic in character, despite earlier views,!° is 

11 Fuoss, J. Amer. Chem. Soc., 1935, 57, 488. 


12 Kraus and Fuoss, ]. Amer. Chem. Soc., 1933, 55, 2387. 
13 Wooster, J. Amer. Chem. Soc., 1937, 59, 377; 1938, 60, 1609. 
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supported by the accompanying decreases in Ag which resemble those of potassium 
iodide in wet ethyl methyl ketone ! when represented as fractions. 

In a given medium, binary dissociation constants of salicylates decrease sharply in 
the order K > Na > Li, showing marked contrast to those of the iodides. Bjerrum 
parameters for salicylates follow the corresponding cation crystallographic radii and, in 
ethyl methyl ketone and acetone, show little dependence on the solvent or its water 
content. The values are slightly higher in acetophenone but still follow the bare cation 
radii. It is therefore suggested that in these media alkali cations are largely desolvated 
when in electrostatic association with salicylate anions. 

Although little direct meaning can be read into ternary association parameters, which 
are based on arbitrary values of Ag, their small magnitudes for lithium salicylate (Table 5) 
suggest closer grouping of charge centres in the triple ions than would be given by linear 
configurations favoured in the Kraus and Fuoss treatment. The chief interest here, 
however, lies in the small dependence of the ternary parameters in ethyl methyl ketone 
on the water content of the solvent, which supports the idea of cation-desolvation. The 
ternary parameter in acetophenone is somewhat larger. 


The author acknowledges helpful advice and comment from Dr. J. F. J. Dippy. 
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129. The Constitution of apoGalanthamine. 
By SHIGERU KOBAYASHI and SHOJIRO UYEO. 


The constitution (IX; R= R’=H) of apogalanthamine, formed 
from galanthamine by hydrobromic acid, has been deduced by degradations 
and confirmed by synthesis of its methylation product. 


PROSKURNINA and YAKOVLEVA? recently reported a transformation of galanthamine 
(lycoremine),”)*»4 C,,H,,0,N, an alkaloid of the Amaryllidaceae, into a dihydric phenolic 
base, C,,H,,O,N, now named apogalanthamine, by treatment with hydrobromic acid 
which causes demethylation and cleavage of the oxide ring, accompanied by aromatisation 
of a cyclohexane ring with concomitant loss of an alcoholic hydroxyl group. This finding 
was of interest in view of our previous study ® of lycoramine (dihydrogalanthamine), which 
in contrast to galanthamine, did not suffer cleavage of the oxide ring when heated with 
concentrated hydrobromic acid or even with hydriodic acid, the only isolable product 
being an O-demethylhalogenodeoxy-compound. Apparently the ethylenic linkage in the 
cyclohexane ring of galanthamine is necessary for ready aromatisation and fission of the 
oxide bridge. On further degradation of OO-dimethylapogalanthamine by the Emde 
method and subsequent oxidation of the resulting base with potassium permanganate in 
acetone, Proskurnina and her collaborator isolated a nitrogen-free dibasic acid, galanthamic 
acid, C,,H,,0,, m. p. 202—203°. Although they formulated afogalanthamine and 
galanthamic acid as (II) and (III), respectively, and advanced for galanthamine the struc- 
ture (I) based on this sequence of reactions and biogenetic considerations, no proof has 
been adduced in support of their formulations and it seemed to us rather difficult to cor- 
relate satisfactorily the series of reactions made by Proskurnina eé al. in terms of the 
formule (II) and (III); and moreover the postulated structure (I) of galanthamine 
appeared inconsistent with the results obtained by us with galanthamine and lycoramine 
during recent years. We have, therefore, re-examined the Russian work and have made a 
1 Proskurnina and Yakovleva, Zhur. obshchei Khim., 1955, 25, 1035. 
? Uyeo and Kobayashi, Pharm. Bull. (Japan), 1953, 1, 139. 
: Boit, Paul, and Stender, Chem. Ber., 1955, 88, 133. 


Kobayashi, Shingu, and Uyeo, Chem. and Ind., 1956, 177. 
Uyeo and Koizumi, Pharm. Bull. (Japan), 1953, 1, 202. 
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brief report concerning the structure of apogalanthamine.t A complete account of this 
work is presented here along with the final proof of the structure of apogalanthamine 
by synthesis of its OO-dimethy] derivative. 

We have confirmed the ready cleavage of the oxide ring of galanthamine by hydro- 
bromic acid, to give apogalanthamine, m. p. 202° (IX; R = R’ = H), in good yield and 
found further that treatment with hydrochloric acid converted the alkaloid smoothly 
into O-methylapogalanthamine, m. p. 204—206° (IX; R =H, R’ = Me). On methyl- 
ation of apogalanthamine with diazomethane, Proskurnina é¢ al. isolated, in addition to 
00-dimethylapogalanthamine (substance A), a small amount of a second product (sub- 
stance B), m. p. 205—206°, which is now considered to be the above mentioned O-methyl- 
apogalanthamine. Complete methylation of apogalanthamine, as well as of O-methyl- 
apogalanthamine, in alkali afforded an OO-dimethylapogalanthamine metho-salt, identical 
with the quaternisation product of OO-dimethylapogalanthamine. Emde degradation of 
the quaternary salt gave a satisfactory yield of a base, the crystalline hydrobromide of 
which showed the same melting point as that given by Proskurnina ¢ al., though the 
melting point given for the starting material, OO-dimethylapogalanthamine methiodide 
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was far lower than that of our material. Oxidation of the Emde base with potassium 
permanganate gave a mixture of two acids readily separable by chromatography over acid- 
washed alumina: one, m. p. 205—207°, had the formula, C,,H,,0,, and was no doubt 
identical with galanthamic acid of Proskurnina ef al.1 The second acid, m. p. 124—126°, - 
C,,H,,0,, was hitherto unknown, but is considered to be a monobasic acid in which a 
methyl group takes the place of one of the carboxyl groups of galanthamic acid. Clearly 
both acids have been formed with loss of one carbon atom, together with the dimethyl- 
amino-group, of the Emde base, C,,H,,9,"NMe,. Although Proskurnina et al. postulated 
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structure (III) for galanthamic acid, an alternative formula (IV) was thought to be more 
plausible; however we undertook the preparation of both compounds. Ullmann con- 
densation of methyl 2-bromoveratrate and methyl m-iodobenzoate in the presence of 
copper bronze, followed by fractionation and hydrolysis, afforded, along with two sym- 
metrical diphenyldicarboxylic acids, the desired unsymmetrical acid, 5 : 6-dimethoxy- 
diphenyl-2 : 3’-dicarboxylic acid (III), m. p. 223°, clearly different from galanthamic acid. 
On the other hand, 5 : 6-dimethoxydipheny]-2 : 2’-dicarboxylic acid (IV), m. p. 205—207°, 
isolated from the condensation products of methyl 2-bromoveratrate and methyl o-iodo- 
benzoate, was identical with galanthamic acid. It followed that the second acid, C,,H,,0,, 
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Fic. 1. Absorption spectra of (A) apogalanthamine (IX; R = R’ = H) hydrobromide, (B) OO-dimethyl- 
apogalanthamine (IX; R = R’ = Me), and (C) the Emde base (VII) methiodide, all in 95% 
ethanol. 


Fic. 2. Absorption spectra of (A) galanthamic acid (IV), (B) 2’ : 3’-dimethoxy-6’-methyldiphenyl-2-carb- 
oxylic acid (V), and (C) the Hofmann degradation product (VIII), all in 95% ethanol. 


should be 2’ : 3’-dimethoxy-6’-methyldiphenyl-2-carboxylic acid (V), it being considered 
that the Emde degradation took place, in analogy with known cases, on the benzyl side 
of the quaternary nitrogen atom. This inference was proved to be correct when we 
synthesised the acid (V) by hydrogenation of the aldehyde (VI) which was in turn prepared 
by condensation of 2-bromoveratraldehyde and methyl o-iodobenzoate. 

With the structure of the two acids derived from the Emde base of apogalanthamine 
established, coupled with the fact that apogalanthamine contained no C-methyl group, we 
could now formulate the Emde base as (VII). In agreement with this, the Hofmann 
degradation product (VIII) of the Emde base showed bands at 995 and 910 cm.-!, character- 
istic of a vinyl group and gave formaldehyde on ozonolysis. On the basis of these results 
apogalanthamine must be (IX; R = R’ = H) which has been placed beyond doubt by 
the following synthesis of its OO-dimethyl derivative (IX; R = R’ = Me). 
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Condensation of methyl 2-bromoveratrate and o-iodobenzaldehyde by the Ullmann 
method afforded methyl 5 : 6-dimethoxy-2’-formyldiphenyl-2-carboxylate (X) which on 
oxidation gave the acid (XI). The Arndt-Eistert reaction then led to 2’ : 3’-dimethoxy- 
6’-carboxy-2-diphenylylacetic acid (XII; R = CO,H). Later we found that a preferred 
route to the same acid was direct condensation of methyl 2-bromoveratrate and methyl 
o-iodophenylacetate. The acid (XII; R = CO,H) was converted into its dimethyl ester 
(XII; R = CO,Me), reduced by lithium aluminium hydride to the diol (XII; R = CH,°OH), 
and then treated with phosphorus tribromide to give the dibromide (XII; R = CH,Br). 
Cyclisation to an eight-membered heterocyclic ring was accomplished by heating the 
dibromide with methylamine in a sealed tube. The synthetic amine (IX; R = R’ = Me) 
thus obtained was compared as its crystalline styphnate and methiodide with an authentic 
sample of OO-dimethylapogalanthamine and shown to be identical with it. 

The ultraviolet spectra of apogalanthamine and its degradation products are recorded 
in Figs. 1 and 2. The eight-membered bridging ring and a further substitution at the 
second ortho-position of one benzene ring in apfogalanthamine and OO-dimethylapo- 
galanthamine lead to twisting of the two benzene rings about the common axis and conse- 
quently considerable reduction in conjugation of the aromatic rings, as indicated by their 
ultraviolet spectra. This effect is also observed in the spectra of the Emde base and its 
oxidation product as well as its Hofmann degradation product, which are all tri-o-sub- 
stituted diphenyl derivatives. : 

In regard to the structure of galanthamine and lycoramine, it is hoped that final 
evidence will be presented in a forthcoming paper. 


EXPERIMENTAL 

apoGalanthamine.—Galanthamine (0-5 g.) was heated with 48% hydrobromic acid (7 c.c.) 
for with acetic acid (7 c.c.) saturated at 0° with hydrobromic acid] in a sealed tube for 5 hr. at 
100°. Concentration under reduced pressure then gave apogalanthamine hydrobromide (0-51 g.), 
which crystallised from dilute hydrobromic acid in scales, m. p. 234° (decomp.) (Proskurnina 
et al. give m. p. 228—230°), [a]p +0° (c 0-2 in EtOH) (Found: C, 54-2; H, 5-6; N, 4-0. Cale. 
for C,,H,,O,N,HBr,H,O: C, 54:2; H, 5-7; N, 40%). 

The hydrobromide was dissolved in water and aqueous ammonia added to the solution to 
precipitate the free base which was collected and crystallised from methanol as cubic crystals, 
m. p. 202° (decomp.) (Proskurnina e¢ al. give m. p. 202—-203°). The base was sparingly soluble 
in ether, benzene, chloroform, or ethyl acetate, discolored in air, and gave a green colour with 
ferric chloride. A sample dried at room temperature contained water of crystallisation 
(Found : C, 69-9; H, 7-0; N, 4-6. Calc. for C,,H,,O,N,H,O: C, 70-3; H, 7-0; N, 5:1%). 

O-Methylapogalanthamine.—Galanthamine (0-3 g.) was treated in a sealed tube for 6 hr. 
at 100° with acetic acid (4 c.c.) saturated with dry hydrogen chloride at 0°. After concen- 
tration, water was added and the solution basified with aqueous ammonia. The precipitate 
thus formed was filtered off, dried, and crystallised from benzene and then as needles from 
ethanol, to give O-methylapogalanthamine (0-17 g.), m. p. 204—206° (Found: C, 76-1; H, 7-0; 
N, 5-0; OMe, 11-3. C,,H,,0O,N requires C, 75-8; H, 7-1; N, 5-2; OMe, 11-5%). The hydro- 
bromide crystallised from ethanol as prisms, m. p. 234° (Found: C, 54:8; H, 5-8; N, 3-7. 
C,;H,,0,N,HBr,H,O requires C, 55-4; H, 6-0; N, 3-8%). 

OO-Dimethylapogalanthamine.—apoGalanthamine (0-44 g.) in ethanol (15 c.c.) was treated 
with an excess of ethereal diazomethane for 2 days. After evaporation of the solvent, the residual 
oil was taken up in 10% hydrochloric acid, and the solution washed with ether, basified with 
aqueous sodium hydroxide, and extracted with chloroform. The dried extracts, on evaporation 
to dryness, yielded OO-dimethylapogalanthamine as an oil which was converted into its styphnate, 
m. p. 214—216° after crystallisation from acetone—ethanol (Found: C, 54-8; H, 4-6; H, 10-6; 
OMe, 11-2. C,,H,,0,.N,C,H,O,N; requires C, 54-5; H, 4-6; N, 10-6; OMe, 11-8%). 

Dimethylapogalanthamine Methiodide—(a) Dimethylapogalanthamine regenerated from 
the styphnate was treated with methyl iodide in methanol, yielding the methiodide which 
crystallised from acetone in cubes, m. p. 225—-227° (decomp.) (Proskurnina ef al. give 144—150°) 
(Found: C, 53-8; H, 5-8; N, 3-4; OMe, 14-2; C-Me, 0. Calc. for C,gH,,O,N,CH,;I: C, 53-7; 
H, 5-7; N, 3-3; OMe, 14-6%). 
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(6) apoGalanthamine hydrobromide (0-36 g.) was dissolved in 5% aqueous sodium hydroxide 
(60 c.c.), and dimethyl sulphate (6 c.c.) was added dropwise during 12 hr. with stirring. After 
neutralisation with hydriodic acid and addition of potassium iodide (1 g.), the mixture was 
evaporated to dryness under reduced pressure and the residue extracted with ethanol. The 
extracts were concentrated to dryness and again extracted with chloroform. The chloroform 
extracts were evaporated, and the residue crystallised from acetone giving OO-dimethylapo- 
galanthamine methiodide (0-35 g.), m. p. and mixed m. p. 224° (decomp.) [with the sample 
obtained as above]. 

(c) O-Methylapogalanthamine (30 mg.) in methanol (6 c.c.) was treated with methyl iodide 
in the presence of potassium hydroxide. This gave a methiodide (from acetone), m. p. and 
mixed m. p. 224—226°. 

Emde Degradation of OO-Dimethylapogalanthamine Methiodide.—The foregoing methiodide 
(0-32 g.) in water (15 c.c.) was converted into its methochloride by shaking with silver chloride, 
and then the filtered solution was heated on a water-bath with 4% sodium amalgam (30 g.) for 
8 hr. The oil which separated was taken up in ether, and the ethereal extracts were washed 
with water, dried, and evaporated, to give an oil (0-24 g.) which was converted into the hydro- 
bromide (0-28 g.), m. p. 172—174° (Proskurnina e¢ al. give 173—175°) after crystallisation 
from acetone (Found: C, 60-1; H, 6-9; N, 3-7. Calc. for C,,H,,O,N,HBr: C, 60-0; H, 6-9; 
N, 3-7%). : 

Oxidation of the Emde Base.—The foregoing base (0-21 g.) regenerated from its hydrobromide 
was dissolved in acetone (15 c.c.), and powdered potassium permanganate (0-66 g.) added in 
portions with stirring at 55° during 5 hr. After addition of water and removal of acetone, 
sulphur dioxide was passed into the oxidation mixture to dissolve the manganese dioxide, and 
then hydrochloric acid was added to the solution. A gum which separated was taken up in 
benzene and extracted with aqueous sodium hydroxide; the alkaline extracts were made acidic 
with hydrochloric acid and extracted with ether. Evaporation of the ether left an almost 
colourless gum (60 mg.) which was chromatographed in benzene on acid-washed alumina. 
Elution with benzene gave white needles (12 mg.), m. p. 124—126° after recrystallisation from 
ether—light petroleum (b. p. 60—80°) (Found: C, 70-7, 70-9; H, 5-9, 5-9. C,,H,,O, requires 
C, 70-6; H, 5-9%). This acid was identified as 2’ : 3’-dimethoxy-6’-methyldiphenyl-2-carb- 
oxylic acid, m. p. 124—126°, prepared synthetically as described below, by a mixed m. p. and 
the infrared spectrum. Further elution with ether—benzene (1:1) afforded galanthamic acid 
as white leaflets, m. p. 205—207° (Proskurnina e# al. give 200—203°) (Found: C, 62-9; H, 4-5. 
Cale. for C,gH,,O,: C, 63-6; H, 4-7%), undepressed on admixture with 5 : 6-dimethoxy- 
diphenyl-2 : 2’-dicarboxylic acid obtained as described below, but depressed by 5 : 6-dimethoxy- 
diphenyl-2 : 3’-dicarboxylic acid, m. p. 223°, prepared synthetically as shown below. Final 
elution with methanol gave a further crop of somewhat impure galanthamic acid, m. p. 196—200°. 

2’ : 3’-Dimethoxy-6’-formyldiphenyl-2-carboxylic Acid.—2-Bromoveratraldehyde* (4-5 g.), 
methyl o-iodobenzoate (7 g.), and copper bronze (12 g.) were heated in a sealed tube for 5 hr. 
at 220—230°. The mixture was diluted with ether and filtered from inorganic material. On 
concentration of the filtrate and washings, 2: 2’: 3: 3’-tetramethoxy-6 : 6’-diformyldiphenyl 
(0-7 g.) separated which was collected and crystallised from acetone as prisms, m. p. 130—132° 
(Found: C, 65-5; H, 5-4; OMe, 37-6. C,,H,,0, requires C, 65-4; H, 5-5; OMe, 37-6%). 
The mother-liquors from this crystallisation were evaporated to dryness and fractionally 
distilled in a vacuum, to give fractions: (a) b. p. 64—67°/3 mm. (0-45 g.); (b) b. p. up to 185° 
(bath-temp.) /0-08 mm. (0-77 g.); (c) b. p. 185—200° (bath-temp.) /0-08 mm. (0-77 g.).. Fractions 
(a) and (}) were oils and not further examined. Fraction (c) solidified (m. p. 60—65°) and was 
identified as crude methyl diphenate. The dark brown distillation residue (3 g.) was dissolved 
in benzene, chromatographed on alumina, and eluted with benzene. The first fraction (20 c.c.) 
gave a product which after one crystallisation from methanol had m. p. 67—-70°, undepressed 
on admixture with methyl diphenate, m. p. 74—75°. The second fraction (10 c.c.) left on 
evaporation a product, m. p. 40—80°, which on crystallisation from methanol gave 2: 2’: 3 : 3’- 
tetramethoxy-6 : 6’-diformyldiphenyl, m. p. 128—130°. The same compound was isolated 
from the third and the fourth fraction (10 c.c. each). Further eluates (100 c.c.) gave only oils. 
The mother-liquors and the oily fractions were combined and treated with 5% methanolic 
barium hydroxide (33 c.c.) under reflux for 1 hr. After addition of water and evaporation of 
methanol, the alkaline solution was washed with ether, then made acidic with hydrochloric acid, 

* Henry and Sharp, /., 1930, 2279. 
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and extracted with ether. The ethereal extracts were dried and evaporated to give a mixture 
(1 g.), from which diphenic acid (0-17 g.), m. p. 225—228°, was isolated on trituration with 
benzene. The filtrate from this acid was diluted with benzene and filtered through a column 
of acid-washed alumina (10 g.). The benzene eluate yielded a pruduct (0-3 g.), m. p. 173—180°, 
which was recrystallised from methanol-ether, to give 2’ : 3’-dimethoxy-6'-formyldiphenyl-2- 
carboxylic acid as prisms, m. p. 182—185° (Found : C, 66-9; H, 5-0. C,.H,,O, requires C, 67-1; 
H, 49%). Further elution with ether gave diphenic acid (20 mg.). 

2’ : 3’-Dimethoxy-6’-methyldiphenyl-2-carboxylic Acid—The foregoing aldehydic acid (0-22 g.) 
in acetic acid (15 c.c.) was hydrogenated over 35% palladium—carbon (0-3 g.) until a little more 
than 2 mols. of hydrogen had been absorbed during 40 min. The filtered solution was diluted 
with water and extracted with ether, and the ethereal extracts were dried and evaporated, to 
yield a residue (0-15 g.) which was chromatographed in benzene on acid-washed alumina. The 
eluate gave on crystallisation from benzene-—light petroleum (b. p. 60—80°) 2’ : 3’-dimethoxy-6’- 
methyldiphenyl-2-carboxylic acid as long prisms, m. p. 126—127° (Found: C, 70-5; H, 5-9. 
C1gH,,O0, requires C, 70-6; H, 5-9%). 

5 : 6-Dimethoxydiphenyl-2 : 2’-dicarboxylic Acid.—Methy] 2-bromoveratrate ° (3-7 g.), methyl 
o-iodobenzoate (5 g.), and copper bronze (10 g.) were heated in a sealed tube for 5 hr. at 230— 
235°. The mixture was extracted with chloroform, the solution evaporated, and the residue 
extracted with ether. After concentration of the ether, the residual oil was fractionally 
distilled, giving materials (a—e). Fraction (a), b. p. 44—74°/0-5 mm. (0-8 g.), was discarded. 
Fraction (b), b. p. 112—122°/0-5 mm. (1-2 g.), hydrolysed with 10% ethanolic potassium 
hydroxide followed by working up in the usual way, yielded a solid mixture from which veratric 
acid (0-5 g.), m. p. 178—180° after crystallisation from methanol, and diphenic acid (60 mg.), 
m. p. 226—228° after crystallisation from methanol, were isolated. Fraction (c), b. p. 129 
134°/0-3 mm. (0-6 g.), when hydrolysed as above, yielded veratric acid (0-17 g.)._ Fraction (d), 
b. p. 167—174°/0-3 mm. (1-6 g.), on trituration with ether, gave methyl 5 : 6 : 5’ : 6’-tetramethoxy- 
diphenyl-2 : 2’-dicarboxylate (0-2 g.), m. p. 146—147° (from acetone—methanol) (Found: C, 61-6; 
H, 5-8. CggH gO, requires C, 61-5; H, 5-7%). The mother-liquor from this ether was saponi- 
fied by 10% ethanolic potassium hydroxide (30 c.c.) under reflux for 2 hr., water was then added, 
and the whole acidified with hydrochloric acid and extracted with ether. The ethereal extracts 
were dried and concentrated and the product, m. p. 194—201° (0-38 g.), which separated, was 
filtered off and recrystallised from methanol to give 5 : 6-dimethoxydiphenyl-2 : 2’-dicarboxylic 
acid, m. p. 205—207° (Found: C, 63-3; H, 4-6. Calc. for C,,H,,O,: C, 63-6; H, 4:7%). 
Fraction (e), b. p. 180—190°/0-3 mm. (0-6 g.), crystallised on trituration with ether, to give 
methyl 5: 6: 5’ : 6’-tetramethoxydiphenyl-2 : 2’-dicarboxylate (0-17 g.). 

5 : 6-Dimethoxydiphenyl-2 : 3’-dicarboxylic Acid.—Methyl 2-bromoveratrate (2 g.), methyl 
m-iodobenzoate (3 g.), and copper bronze (5 g.) were heated in a sealed tube for 5 hr. at 230—235°. 
The mixture was worked up as above and distilled to give two fractions ; (a) b. p. up to 100°/0-2 
mm. (1-5 g.) and (b) b. p. 163—186°/0-2 mm. (1-5 g.). Trituration of the latter with ether 
afforded methyl 5: 6: 5’ : 6’-tetramethoxydiphenyl-2 : 2’-dicarboxylate (0-19 g.), m. p. 146— 
147°, plates from acetone. Hydrolysis of this ester and recrystallisation from ethyl methyl 
ketone gave the free acid as needles, m. p. 219° (Found: C, 59-7; H, 5-0. C,,H,,0, requires 
C, 59-7; H, 5-0%). The mother-liquors from the symmetrical ester were hydrolysed by 10% 
methanolic potassium hydroxide. After evaporation of the methanol and addition of water, 
the solution was made acid with hydrochloric acid and extracted with chloroform. A small 
amount of crystals which were insoluble in chloroform was filtered off and crystallised from 
methanol, to give diphenyl-3 : 3’-dicarboxylic acid (25 mg.), m. p. >330° (Found: C, 69-5; 
H, 4:1. Calc. for C,,H,,O,: C, 69-4; H, 42%). The chloroform extracts were dried and 
evaporated, and the residue triturated with acetone. The product (0-5 g.) which separated was 
filtered off and recrystallised thrice from acetone, to yield 5: 6-dimethoxydiphenyl-2 : 3’- 
dicarboxylic acid as prisms, m. p. 223° (Found: C, 63-6; H, 4-6. C,,H,,O0, requires C, 63-6; 
H, 4:7%). 

ed Degradation of the Emde Base Methiodide.—The Emde base (0-36 g.) derived from 
dimethylapogalanthamine, methyl iodide (2 c.c.), and methanol (2 c.c.) were heated on a water- 
bath for 2 hr. to yield the methiodide (0-48 g.), m. p. 221—223°, needles from acetone (Found : 
C, 54-7; H, 6-5; N,3-1. C,,H,,;0,N,CH,I requires C, 54-4; H, 6-4; N,3-2%). The methiodide 
(0-45 g.) was converted into its hydroxide by treatment with silver oxide in water, the filtered 
solution evaporated to dryness under reduced pressure, and the residue heated in a vacuum for 
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1 hr. at 100°. The product was taken up in ether, and the ethereal solution washed with 5% 
hydrochloric acid, then with water, dried, evaporated, and distilled under reduced pressure, to 
give 2: 3-dimethoxy-6-methyl-2’-vinyldiphenyl (0-14 g.), b. p. 140° (bath-temp.)/0-05 mm. 
(Found: C, 80-2; H, 7-1. C,;H,,O, requires C, 80-3; H, 7-1%). The volatile amine which 
had been eliminated during the reaction was absorbed by dilute hydrochloric acid and identified 
as trimethylamine by its aurichloride, m. p. 245° (decomp.) (Found: C, 9-2; H, 2-6; Au, 49-7. 
Cale. for C;H,N,HAuCl,: C, 9-0; H, 2-5; Au, 49-4%). After ozonisation of the foregoing 
nitrogen-free substance (80 mg.) in chloroform at 0° for 1 hr. and decomposition of the resulting 
ozonide by hot water, the mixture was steam-distilled and the distillate treated with dimedone 
in ethanol, yielding the formaldehyde—dimedone compound (13 mg.), m. p. and mixed m. p. 
184—186°. 

Methyl 5 : 6-Dimethoxy-2’-formyldiphenyl-2-carboxylate.—o-Ilodobenzaldehyde ? (5 g.), methyl 
2-bromoveratrate (3 g.), and copper bronze (6 g.) were heated in a sealed tube for 5 hr. at 210°. 
Working up gave a reddish-brown oil which on trituration with ether partly crystallised, to 
give methyl 5: 6: 5’: 6’-tetramethoxydiphenyl-2 : 2’-dicarboxylate (0-5 g.). The mother- 
liquors were concentrated and fractionally distilled to remove the portion (0-53 g.) boiling up to 
130°/0-02 mm., which was discarded. The distillation residue (2-5 g.) was hydrolysed by 
refluxing in 6% ethanolic barium hydroxide (70 c.c.) for 1-5 hr., then water was added to the 
mixture, methanol removed, and the alkaline aqueous solution washed with ether, acidified 
with hydrochloric acid, and extracted with ether. Evaporation of the ether yielded an oil (2 g.) 
which afforded crystals (0-7 g.), m. p. 120—138°, when kept. These were digested in hot benzene 
and filtered off while hot. The insoluble residue yielded 5: 6 : 5’ : 6’-tetramethoxydiphenyl-2 : 2’- 
dicarboxylic acid (70 mg.), m. p. and mixed m. p. 217—-219°, while the benzene solution afforded 
5 : 6-dimethoxy-2’-formyldiphenyl-2-carboxylic acid (0-35 g.), m. p. 171—173° after 
crystallisation from methanol (Found : C, 67-1; H, 4-9. C,.H,,0; requires C, 67-1; H, 4-9%). 
The latter was treated in methanol (40 c.c.) with sulphuric acid (1 c.c.) under reflux for 3-5 hr. 
and worked up in the usual way, yielding methyl 5 : 6-dimethoxy-2’-formyldiphenyl-2-carboxylate 
as prisms (0-25 g.), m. p. 88—90° (from methanol) (Found: C, 68-0; H, 5-0. C,,H,,O; requires 
C, 68-0; H, 5-4%). In the second run, the distillation residue obtained similarly as above was 
chromatographed on alumina and eluted with benzene. The first (10 c.c.) and the second 
fraction (15 c.c.) yielded the desired ester and the third fraction (10 c.c.) the symmetrical ester. 

Methyl 5 : 6-Dimethoxy-2’-carboxydiphenyl-2-carboxylate—Methyl 5 : 6-dimethoxy-2’-formy]- 
diphenyl-2-carboxylate (0-18 g.) was oxidised in acetone (30 c.c.) by adding powdered potassium 
permanganate (0-2 g.) in portions at 50—60°. After removal of the acetone by distillation, water 
was added, sulphur dioxide passed in until the manganese dioxide dissolved, and the whole was 
acidified with hydrochloric acid and extracted with ether. The ethereal solution was extracted 
with 10% sodium carbonate solution, and the aqueous layer again acidified and extracted with 
ether. On evaporation of the ether, methyl 5: 6-dimethoxy-2’-carboxydiphenyl-2-carboxylate 
(0-12 g.) crystallised and formed after crystallisation from methanol prisms, m. p. 173—174° 
(Found : C, 64-2; H, 4-8. C,,H,,O, requires C, 64-6; H, 5-1%). 

2’ : 3’-Dimethoxy-6’-carboxy-2-diphenylylacetic Acid.—(a) Methyl 5 : 6-dimethoxy-2’-carboxy- 
diphenyl-2-carboxylate (0-2 g.) was heated with an excess of thionyl chloride at 36—40° for 
2hr. The thionyl chloride was then removed under reduced pressure, dry benzene added to the 
residue, and the whole evaporated in a vacuum. The acid chloride thus obtained was treated 
with ethereal diazomethane at room temperature overnight. After evaporation of the ether, 
the remaining syrupy diazo-ketone was taken up in dioxan (10 c.c.) and added to a mixture of 
silver oxide [prepared from silver nitrate (0-5 g.) and sodium hydroxide] and sodium thio- 
sulphate (1 g.) in water (10 c.c.). After 4 hr. at 20—25° and then a further hr. at 50°, during 
which brisk evolution of nitrogen was observed, the mixture was filtered, acidified with dilute 
nitric acid, and extracted with ether. The ester-acid thus obtained was hydrolysed with 10% 
sodium hydroxide solution under reflux for 0-5 hr., acidified with hydrochloric acid, and 
extracted with ether. Removal of the ether afforded an oil (0-2 g.) which solidified, giving 
2’ : 3’-dimethoxy-6'-carboxy-2-diphenylylacetic acid (30 mg.), m. p. 214—216° (from methanol— 
ether) (Found: C, 64-2; H, 5-0. C,,H,,O, requires C, 64-6; H, 5-1%). 

(b) o-Iodobenzoic acid (31 g.) was converted with thionyl chloride into the acid chloride 
which was treated with diazomethane in ether, yielding w-diazo-o-iodoacetophenone in yellow 
prisms, m. p. 57—59° (from methanol and then from ether) (Found : C, 35-8; H, 2-1; N, 10-6. 

7 Rapson and Shuttleworth, J., 1941, 487. 
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C,H,ON,I requires C, 35-8; H, 1-8; N, 10-3%). Toa solution of the diazo-ketone (24 g.) in 
methanol (370 c.c.) was added in portions silver oxide [prepared from silver nitrate (25 g.) and 
sodium hydroxide and washed well with methanol], and the mixture was heated at 40—45° for 
1 hr. and then under reflux for a further 3 hr. The mixture was filtered, the filtrate evaporated 
under reduced pressure, and the residue distilled, to give methyl o-iodophenylacetate as an oil 
(17-8 g.), b. p. 105—106°/2 mm. A small amount of the ester was hydrolysed, giving an acid, 
m. p. 103—107°, identical with authentic o-iodophenylacetic acid.?, Methyl o-iodophenylacetate 
(5 g.), methyl 2-bromoveratrate (3-5 g.), and copper bronze (6 g.) were heated in a sealed tube 
for 5 hr. at 215—220°. The mixture was taken up in ether, the ethereal solution concentrated, 
and methyl 5: 6: 5’ : 6’-tetramethoxydiphenyl-2 »2’-dicarboxylate (0-82 g.) which separated 
was filtered off and had m. p. and mixed m. p. 145—147°. The mother-liquors were distilled : 
the first fraction (1-9 g.), b. p. 60—107°/2 mm., was not further examined. The second fraction 
(0-55 g.), b. p. 95—96°/0-01 mm., gave methyl veratrate, m. p. and mixed m. p. 56—58° (from 
methanol) (Found: C, 61-6; H, 6-0. Calc. for C,)H,,0O,: C, 61-2; H, 62%). The third 
fraction (0-55 g.), b. p. 140—150°/0-01 mm., was a yellow oil which was hydrolysed by boiling 
15% ethanolic potassium hydroxide (20 c.c.) for 1 hr. After working up in the usual way, the 
resulting acid was extracted with ether, and the extract dried and concentrated, yielding 
2’ : 3’-dimethoxy-6’-carboxy-2-diphenylylacetic acid (0-2 g.) as needles, m. p. and mixed m. p. 
214—217° after crystallisation from methanol-ether (Found : C, 64-3; H, 5-4%). 

2 : 3-Dimethoxy-2’-hydroxyethyl-6-hydroxymethyldiphenyl_—The foregoing acid (0-69 g.) was 
treated with an excess of ethereal diazomethane, to give the dimethyl ester as an oil (0-7 g.). 
To a suspension of lithium aluminium hydride (1 g.) in dry ether (80 c.c.) was added dropwise a 
solution of the dimethyl ester (0-7 g.) in dry ether (90 c.c.) with stirring, which was continued 
for 2 hr. at room temperature and then for a further hr. under reflux. After addition of water 
(10 c.c.) and acidification with 10% sulphuric acid (40 c.c.), the ethereal layer was separated, 
dried, and evaporated to give the product (0-52 g.), m. p. 110—113°. On chromatography in 
benzene on alumina and subsequent crystallisation from methanol-ether, 2 : 3-dimethoxy-2’- 
hydroxyethyl-6-hydroxymethyldiphenyl formed plates, m. p. 114—116° (Found: C, 71-0; H, 6-8. 
C,7H_9O, requires C, 70-8; H, 7-0%). 

Synthesis of OO-Dimethylapogalanthamine.—The foregoing diol (0-45 g.) and phosphorus 
tribromide (6-5 g.) were kept for 1 hr. at 0°, for a further half hr. at 15°, and finally for 1 hr. 
at 45°. Next morning, excess of phosphorus tribromide was removed under reduced pressure, 
chloroform (50 c.c.) added to the residue, the chloroform solution washed several times with 
ice-cold water, dried and evaporated to give the dibromide as an orange oil. This was treated 
in a sealed tube with a methanolic solution (30 c.c.) of methylamine (10 g.) at 130° for 3hr. The 
mixture was concentrated under reduced pressure, the residue taken up in benzene (100 c.c.), 
and the benzene layer extracted with hydrochloric acid. The acid solution was made alkaline 
with sodium carbonate and extracted with chloroform, and the extracts were dried and 
evaporated, to yield the product (0-1 g.) which was dissolved in chloroform and filtered through 
a column of alumina. The eluate was converted into its styphnate (90 mg.) and crystallised 
from acetone-ethanol, yielding 3’ : 4’-dimethoxy-1-methyl-1-aza-3 : 4-5 : 6-dibenzocycloocta- 
3: 5-diene styphnate, m. p. 213—215°, undepressed on admixture with an authentic sample of 
dimethylapogalanthamine styphnate from the natural source. The infrared spectrum of the 
synthetic styphnate was also identical with that of the same compound derived from galanth- 
amine (Found: C, 54-8, 54-9; H, 4-9, 4:3; N, 10-5, 10-6. C,,H,,O,N,C,H,O,N, requires 
C, 54-5; H, 4-6; N, 10-6%). 

The free base regenerated from the foregoing styphnate (20 mg.) was boiled with methyl 
iodide in methanol for 3 hr. The resulting methiodide, recrystallised from methanol—acetone, 
had m. p. 222—224° (decomp.) alone or mixed with an authentic sample. 


We are indebted to Dr. W. I. Taylor for discussions and his help in preparing the manuscript, 
to Professor H. G. Boit for communicating the Russian paper to us, to Mr. T. Shingu and Miss 
M. Sakai for assistance with the experimental work, to Mr. M. Fukuda and Miss H. Ota for the 
microanalyses, to Mr. ‘f. Takashima for the ultraviolet spectra, and to Mr. S. Oseko and Mr. Y. 
Matsui for the infrared spectra. 
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130. Colour and Constitution. Part 1. The Effect of Methyl 
Substitution on the Ultraviolet Spectra of Alternant Hydrocarbons. 


By Davip PETERS. 


The Hiickel L.C.A.O. molecular-orbital theory is shown to provide a 
satisfactory quantitative account of the bathochromic shifts observed in the 
ultraviolet spectrum when a methy] group is introduced into alternant hydro- 
carbons. The effect on the ultraviolet spectrum of steric hindrance to 
coplanarity of the methyl group arftl the aromatic ring system is discussed. 


WHILE the introduction of a methyl group into an alternant * hydrocarbon results in a 
bathochromic shift in the ultraviolet spectrum,) its introduction into a non-alternant 
hydrocarbon results in either a bathochromic or a hypsochromic shift, depending on the 
position of substitution.2 This disparity in the behaviour of the two classes of hydro- 
carbons stimulated theoretical analysis and the question was examined by Longuet- 
Higgins and Sowden,? by Coulson, and by Pullman, Mayot, and Berthier,® using the 
Hiickel L.C.A.O. molecular-orbital (M.O.) method. These authors demonstrated that, 
in non-alternant hydrocarbons, both the inductive and the conjugative effect of the 
methyl group must be considered, whereas in alternant hydrocarbons only the conjugative 
effect is important. The latter effect is the origin of the observed bathochromic shifts. 
Since the publication of these papers, many data have been accumulated on the magnitude 
of the bathochromic shifts which occur in the ultraviolet spectra of alternant hydrocarbons 
on methylation and it is now shown that an extension of the method used by Longuet- 
Higsins and Sowden $ gives a satisfactory quantitative account of these results. 

Method.—Excellent surveys of the L.C.A.O. (linear combination of atomic orbitals) 
method are available ® and no general account will be given here. In the ground state of 
an alternant hydrocarbon, the = electrons occupy the bonding molecular orbitals in pairs. 
When electron interaction is neglected, the excitation of lowest energy is from the highest 
bonding molecular orbital to the lowest antibonding one. When electron interaction is 
included, it is believed that this particular transition (the # band) retains its identity and 
there is no mixing of its upper state with other excited states.’ It is to this transition that 
the present calculations are applied. The unimportance of the inductive effect in the case 
of alternant hydrocarbons has been demonstrated +4 + and only the conjugative effect 
will be considered. Mulliken, Rieke, and Brown’s suggestion § that the methyl group may 
be regarded as a modified vinyl group is accepted, and the introduction of the methyl group 
is regarded as resulting in a perturbation of the molecular orbitals of the hydrocarbon. 

The expression for the energy of the conjugative shift (8¢,,) which follows from these 
assumptions has been given 3 as 

> g 2 2 fie 1 l +. ¢o,2 I —— l 
Beab = Bre” Car” + {CIs ( —— ) + Cos ( -) . (1) 
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* An alternant hydrocarbon may be defined for present purposes as an aromatic hydrocarbon con- 
taining no odd-numbered rings. A non-alternant contains one or more odd-numbered rings. 

+ As Crawford * has commented, even with as powerful an inductive substituent as the ammonium 
ion, the change in the ultraviolet spectrum is not large (for other examples, see ref. 19). 


1 Jones, Chem. Rev., 1943, $2, 1. 

? Plattner and Heilbronner, Helv. Chim. Acta, 1947, 30, 910, and reference therein. 

% Longuet-Higgins and Sowden, J., 1952, 1404. 

* Coulson, Proc. Phys. Soc., 1952, A, 65, 933. 

5 Pullman, Mayot, and Berthier, J]. Chem. Phys., 1950, 18, 257. 

* (a) Dewar, ‘‘ Progress in Organic Chemistry,’’ Butterworths Scientific Publications, London, 
1953, Vol. 2, p. 1; (6) Pullman and Pullman, “‘ Les Theories Electroniques de la Chimie Organique,”’ 
Masson et Cie, Paris, 1952, Chapter 4. 

7 Dewar and Longuet-Higgins, Proc. Phys. Soc., 1954, A, 67, 795. 

§ Mulliken, Rieke, and Brown, J]. Amer. Chem. Soc., 1941, 68, 41; Mulliken and Rieke, ibid., p. 

770. 
® Crawford, J., 1953, 2065. 
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where 6,, is the resonance integral of the bond between the carbon atom (s) of the methyl 
group and the ring carbon atom (r), e, and e, are the energies of the bonding and anti- 
bonding molecular orbitals of the methyl group, ¢, and «, are the energies of the highest 
bonding and lowest antibonding molecular orbitals of the hydrocarbon, and the c’s are 
atomic orbital coefficients of obvious nomenclature. 





In alternant hydrocarbons, ¢, = —e«, and if we assume that the coulomb integral of the 
pseudo-atom H, is equal to that of a carbon atom, then ¢, = —e, and ¢},” = ce,” = 0-5, 
and equation (1) reduces to 

= 262 ¢.2 f.__| 2 
Sean Bis” - Caz tar pk e,2) ( ) 


As Longuet-Higgins and Sowden ’ show, this is a negative quantity and the shift is batho- 
chromic. 

Inserting the usual values of the constants and expressing the energies of the molecular 
orbitals in units of 8, we find the bathochromic shift (84) to be 


> had 9 8 2 ] 
sa = —475. Car + (3) ° tale? — &,2) my . . ° ° ° (3) 


A value of 30,000 cal. per mole has been. used for $.1° The value of the quantity 6,,/8 
remains to be assigned. Previous authors “ have used a value of 0-7 for it, and it is now 
found that if a value of 0-5] is used, the data are reproduced well. Hence 


8A = —123-4. cy2. a 


€,(€," — €,”) 
From equation (4), it is clear that, in a given hydrocarbon, the bathochromic shifts are 
determined by the atomic orbital coefficients of the top bonding molecular orbital. 
Equation (4) has been used to calculate the bathochromic shifts for those hydrocarbons for 
which data are available and the results are presented in the Table. A value of 2-58 has 
been chosen for ¢,.1_ Parentheses indicate that the shift has been estimated from the data 


% (1) 








(VII) 


for the dimethyl derivatives. In the case of chrysene, 3: 4-benzophenanthrene, and 
| : 2-benzanthracene, the atomic-orbital coefficients were calculated from the values of 
the energy of the molecular orbitals given by Pullman and Pullman.® 


2 Coulson and Altman, Trans. Faraday Soc., 1952, 48, 293 
*2 Coulson and Crawford, J., 1953, 2052. 
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Bathochromic shifts, resulting from methyl substitution, in the p band of the ultraviolet 
spectrum of alternant hydrocarbons. 


Position A(mpz) Position A(mp) 
of CH, of Shift (mp) of CH, of Shift (mp) 
Hydrocarbon group parent Calc. Obs. Ref. Hydrocarbon group parent Calc. Obs. Ref. 
Benzene * -- 204 8 7 12,13 3:4-Benzo- 1 314-5 l 1-5 24 
Naphthalene l 276 6 6 14,15 phenanthr- 2 - 4 3 24 
2 — 2 O 14,15 ene (VI) 5 - 4 6-5 24 
Anthracene (I) l 374 5 3 16 6 - ] 1-5 24 
. 2 - 2 (3) 17 7 2 15 2 
9 _- 10 12 17 8 — 3 35 24 
Naphthacene l 441 4 (5) 418,19 1 : 2-Benzan- l’ 341 0 0 25 
(II) 2 = 2 — - thracene 2’ -— 2 15 26 
5 — 10 8 20 (VIT) 3’ l 25 26 
Phenanthrene l 293 + (6) 21 4’ 1 3°5 26 
(IIT) 2 -——- 0 (O—1) 21 3 4 0 26 
3 —- 3. (4) 1 + - 4 1} 25 
4 —- 2 (4—5) 21 5 a 5 6 25 
9 —- 6 5 19 6 2 25 26 
Pyrene (IV) 1 334 + 3 19 7 : 3 60 26 
3 —_ 6 8 22 8 + 5 25 
4 0 2 22 9 - T 10-5 25 
Chrysene (V) I 319 2 5 23 10 — 9 13: 25 
2 6 4 23 
3 3 4 23 * The high symmetry of the benzene molecule 
4 —- l l 23 leads to degeneracy between the excited states, 
5 - 2 1 23 and the observed agreement may be fortuitous. 
6 — 2 8 23 
DISCUSSION 


With regard to the choice of band from the experimental data, the p band is the 
longest-wave intense band.?7:28 The « band may occur at longer wavelength, but is much 
less intense and there is rarely any difficulty in identification. The bathochromic shifts 
have been estimated from the most intense or the best-defined vibrational peaks. 

An inspection of the experimental data in the Table shows that there are certain 
regularities in the bathochromic shifts. The largest shifts occur in the meso-positions of 
anthracene and similar molecules. The «-positions of naphthalene and analogous positions 
show moderate shifts, while small shifts are found in the $-positions of naphthalene and 
similar molecules. This situation is exactly that required by the calculations, and the 
agreement between the calculated and experimental values is very satisfactory when the 
magnitude of the effect under discussion and the simplicity of the theoretical method are 
considered. The observed and calculated values appear to differ significantly in certain 
positions where steric hindrance to coplanarity of the methyl group and the ring is to be 
expected, and this effect is discussed in detail later. 

The bathochromic shifts observed in naphthalene are correctly predicted to be large in 


12 Klevens and Platt, Chem. Rev., 1947, 41, 305. 

18 Klevens and Zimring, J. Chim. phys., 1951—2, 49, 377. 

14 Morton and de Gouveia, J., 1934, 927. 

15 de Laszlo, Compt. rend., 1925, 180, 203. 

16 Mosby, /. Org. Chem., 1953, 18, 965. 

17 Jones, Chem. Rev., 1947, 41, 366. 

18 Pogangeanu, Bull. sect. sci. Acad. roumaine, 1938, 20, nos. 8—10, 24—8; cf. Chem. Abs., 1940, 34, 
35908. 

## Friedel and Orchin, “ Ultraviolet Spectra of Aromatic Compounds,” John Wiley and Sons, 
New York, 1951. 

2 Clar, Ber., 1949, 82, 510. 

2! Askew, J., 1935, 509. 

#2 Forster and Wagner, Z. phys. Chem., 1937, B, 37, 353. 

#3 Brode and Patterson, J. Amer. Chem. Soc., 1941, 68, 3254 

*%* Badger and Walker, J., 1954, 3238. 

25 Jones, J. Amer. Chem. Soc., 1940, 62, 148. 

26 Badger, Pearce, and Pettit, J., 1952, 1112. 

27 Dewar, /J., 1952, 3532 

28 Platt, /. Chem. Phys., 1949, 17, 484; 1950, 18, 1168. 
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the a- and small in the 8-position. Of the three monomethylanthracenes, the ultraviolet 
spectra of two have been recorded. The 9-methyl derivative shows a large shift and the 
1-methyl compound a moderate shift, in agreement with the calculations. The ultraviolet 
spectrum of 2-methylanthracene is not available, but that of the 1 : 3-dimethyl derivative 
is known. The shifts being assumed to be additive,* the 2-methyl compound will show a 
small shift, as required by the theoretical analysis. In the case of naphthacene, the 
spectrum of the 5-methyl derivative has been recorded and here the calculated and 
experimental values are in agreement. The bathochromic shift for the l-position has been 
estimated from the available data for the 1 : 6-compound to be of the calculated size. 

The available data on the ultraviolet spectra of the monomethylphenanthrenes is 
restricted to that of the 9-methyl compound. The bathochromic shifts for the other four 
positions have been estimated from data on the dimethyl compounds. The largest shifts 
occur in the 1-, 3-, and 9-position, while the 2-position shows no shift. These findings 
agree with the calculations, but in the 4-position, the experimental value is substantially 
greater than the calculated. This effect may arise from the fact that the 4-position is 
subject to steric hindrance, the methyl group being forced out of the plane of the ring. 
The point is discussed later. In view of the possible inaccuracies in the assumption of 
additivity of the bathochromic shifts, too much emphasis should not be placed on the case 
of phenanthrene. 

The monomethylpyrenes are free from steric effects and the calculated and experimental 
values are in good agreement. The same result has been reported by Masse,” using the 
L.C.A.O. method. In chrysene, the 2- and the 3-position are calculated to show moderate 
shifts and the remaining positions to show small shifts. These expectations are fulfilled 
in four of the six cases, the two exceptions being the 1- and the 6-position where the experi- 
mental values are very much larger than the calculated. These are just the positions 
which must suffer the same steric hindrance to coplanarity of the methyl group and the 
ring, as does the 4-position of phenanthrene. 

The spectra of all of the monomethyl-3 : 4-benzophenanthrenes have been reported in 
detail by Badger and Walker.% They find that the 2-, 5-, and 8-position exhibit larger 
shifts than do the other three positions, and this is exactly the situation predicted from 
the calculations. In the 5-position, there is an indication of a steric bathochromic shift. 
Jones *° and Badger, Pearce, and Pettit 2 have reported the spectra of all of the mono- 
methyl-1 : 2-benzanthracenes. Their experimental findings are that the 9- and the 
10-position show very large shifts, the 5- and the 8-position show moderate shifts, and the 
remaining positions show small shifts. The results of the present calculations agree thus 
far with experiment, but there is a measure of disagreement among the positions which 
show small shifts, with respect to both magnitude and order. This discrepancy is 
particularly striking in the cases of the 3- and the 4-derivative. If 1: 2-benzanthracene is 
regarded as 2 : 3-benzophenanthrene, these positions are seen to be derived from the 9- and 
the 10-position of phenanthrene, which show moderate shifts. It might be expected that 
these shifts would persist in the benz-annelated molecule to some degree, and this is the 
position suggested by the calculations. Nevertheless, the experimental results are that 
there is no shift in the 3-position and only a 1 my shift in the 4-position. The case of 
1’-methyl-l : 2-benzanthracene is also of particular interest since there is no detectable 
bathochromic shift. This result is completely borne out by the present calculations. 
Pullman, Berthier, and Pullman °° have used the L.C.A.O. method to demonstrate the 
large bathochromic shifts which occur in the 5-, 8-, 9-, and 10-position of 1 : 2-benz- 
anthracene and the absence of a bathochromic shift in the 1’-position. 


* A survey of the available data !* for the mono- and di-methylnaphthalenes shows this assumption 
to be reasonable for present purposes. 


*® Masse, Compt. rend., 1954, 238, 1226. 


3° Pullman, Berthier, and Pullman, Acta Intern. Cancer, 1950, 7, 140, quoted by Pullman and 
Pullman, ref. 6b, p. 515. 
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Apart from the complete theoretical treatments mentioned earlier, it has been suggested 
that the magnitude of the bathochromic shift in alternant hydrocarbons is to be related to 
the self-polarisability of the methylated carbon atom.2® Such a correlation does seem to 
exist but is inferior to the present treatment. In particular, the absence of a batho- 
chromic shift in the 1’-position of 1:2-benzanthracene does not follow from the 
self-polarisability method. 

Steric Effects—One example of the effect of steric crowding within the molecule on the 
ultraviolet spectrum is well known, that of steric inhibition of coplanarity of two 
chromophores.*+ 32 The usual example is the case of styrene and «-methylstyrene, where 
the presence of the methyl group results in a hypsochromic shift of the long-wave band. 
The accepted explanation of this result is that the methyl group is interfering with the 
coplanarity of the phenyl and vinyl chromophores, reducing their interaction and producing 
the observed hypsochromic shift. There is some indication that another example of steric 
hindrance and its effect on the ultraviolet spectrum is now at hand. The result is, how- 
ever, a bathochromic shift. As noted earlier, 4-methylphenanthrene, 1- and 6-methyl- 
chrysene, and 5-methyl-3: 4-benzophenanthrene all have substantially larger batho- 
chromic shifts than predicted and in all of them the methyl group occupies a similar posi- 
tion in the molecule, in which steric hindrance to the group’s coplanarity with the ring 
should be greatest. The excess of shift is not large but seems nevertheless to be real. 
Badger and Walker * have commented on this point but were led to doubt the general con- 
clusion that steric hindrance to coplanarity results in a bathochromic shift by the fact that 
no bathochromic shift occurs in the similar case of 1’-methyl-1 : 2-benzanthracene. It is 
now shown that such a steric bathochromic shift is to be expected in the general case but 
that 1’-methyl-l : 2-benzanthracene should indeed show no such shift. 

When a methyl group is situated in the 4-position of the phenanthrene ring or in a 
similar position, some distortion of the bond lengths or bond angles must occur. No 
information is available as to the exact outcome, but it seems on general grounds that one 
of most favourable processes will be the twisting of the methyl group out of the plane of 
the ring system. Such a distortion will be accompanied by a change in the hybridisation 
at the ring carbon atom in such a way as to minimise the energy of the resulting system. 
The sp? bond between the ring and the carbon atom of the methyl group will acquire an 
increased measure of ~ character and the 2 atomic orbital of the ring carbon atom will 
acquire a measure of s character. The latter orbital will then no longer be parallel with the 
adjacent pure 2/ orbitals. The result will be a reduction in the resonance integral between 
the methylated carbon atom and the adjacent carbon atoms. Such a reduction is readily 
dealt with by perturbation theory. 

Let the methylated carbon atom (p) be flanked by carbon atoms q andr. Then the 
change in the energy of the ith molecular orbital (8¢;) resulting from a small change in the 
resonance integral Bp, is given ® by 


de; = 2Cip + Ciq - 58pq ° ° ° ° ° ° ° ° (5) 


where cj, and cj, are the atomic orbital coefficients of the ith molecular orbital at atoms 
p and q. The total energy change (Ae;) of the ith molecular orbital resulting from an 
equal change (38) in both 8,, and 8, is given to a first approxin:ation by 


Ag = 2. Cip(Ciq + Cir) ° 3B. ° ° ° : . ° ° (6) 
From the secular equations, 
— & . Cip + B(Ciq + Cir) = @ : ° ° ° ° ° ° (7) 
and 
Ae, = 2. ce, - &. 86/8 ° ° . . . . . . (8) 


31 Braude and Sondheimer, /J., 1955, 3773, and references therein. 
%2 Pullman and Pullman, ref. 6b, chapter 8. 
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In equation (8), 58 is a positive quantity, @ is a negative quantity, and, since, for bonding 
molecular orbitals ¢; is negative, the expression on the right-hand side of equation (8) is 
positive. That is, the bonding molecular orbital is raised by such changes in the resonance 
integrals. Equally, ¢; is positive for antibonding molecular orbitals so that such orbitals 
are lowered at the same time. The net result is a decrease in the energy of the ultraviolet 
transition, a bathochromic shift. 

At the same time, it is clear from equation (8) that no such shift is to be expected in the 
case of 1’-methyl-1 : 2-benzanthracene since the magnitude of the bathochromic shift is 
proportional to the square of the atomic orbital coefficients of the top bonding molecular 
orbital and this quantity, in the 1’ position of 1 : 2-benzanthracene, is extremely small. 

It is encouraging to find that a treatment of this simplicity is capable of giving 
a quantitative account of the small effects discussed here. The method is also of value in 
the event of the preparation of methyl derivatives of unknown orientation. While 
complete discrimination between all positions of a complex hydrocarbon is unattainable, 
an inspection of the ultraviolet spectrum of the parent hydrocarbon and of the methyl 


derivative and the calculation of the expected shift will substantially reduce the 
possibilities. 


The author thanks Professor M. J. S. Dewar for reading the manuscript and for helpful 
advice. 


** BRENTWOOD,” PLASKYNASTON LANE, RUABON, 
DENBIGHSHIRE, WALES. (Received, September 5th, 1956.) 





131. The Relation between Configuration and Conjugation in Diphenyl 
Derivatives. Part VIII.* Some Compounds derived from 2: 2'-Di- 
acetyldiphenyl. 


By G. H. BEAVEN and E. A. JOHNSON. 


The ultraviolet absorption spectra of some substituted diphenyls derived 
from the reduction of 2: 2’-diacetyldiphenyl + have been determined. The 
spectra of the 2 : 2’-di-(a-hydroxyalkyl)diphenyls are similar to those of 2 : 2’- 
dialkyldiphenyls, and show the same trend of decreasing intensity and short- 
wave shift of the conjugation band with increasing size of ortho-substituent. 
The spectra of the 2: 2’-bridged diphenyls with saturated bridges are consistent 
with the extent of diphenyl-type conjugation expected for such non-coplanar 
structures. The introduction of a double bond into a C, bridge alters the 
spectrum very markedly, in a manner consistent with increased overall 
conjugation. 

In diphenyls with ortho-substituents which are also capable of conjugation 
with the phenyl groups, e.g., olefinic or carbonyl groups, the steric inter- 
actions prevent the coplanarity condition from being satisfied for either 
the diphenyl-type or the alternative mode of conjugation. Their spectra 
can be most simply accounted for on the basis of overlapping contributions 


from both the two potential types of conjugation which are possible in such 
compounds. 


THE reduction products of 2 : 2’-diacetyldiphenyl, and the dehydration products of 2 : 2’-di- 
(1-hydroxy-l-methylethyl)diphenyl derived from it, form a series of 2 : 2’-disubstituted 
diphenyls, some of which are bridged. As in the case of the compounds discussed in 


* Part VII, J., 1956, 4637. 
1 Hall, Ladbury, Lesslie, and Turner, J., 1956, 3475. 
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Part V,? the contrast between the ultraviolet absorption characteristics of the bridged 
diphenyls and those with non-bridging 2 : 2’-substituents is striking, but in the present 
series the position is complicated by the presence in some compounds of additional ethylenic 
or ketonic double bonds conjugated with the diphenyl system. :The degree of conjugation 
is subject to steric restrictions. 

The compounds considered here can be divided into four groups (see p. 657). 

(a) Unbridged compounds without additional conjugation: 2 : 2’-di-(1-hydroxyethy])- 
diphenyl (I; R = Me, R’ = H); 2: 2’-di-(1l-hydroxy-l-methylethyl)diphenyl (I; R = R’ 

-Me) [see Fig. 1, which includes 2 : 2’-di(hydroxymethyl)diphenyl (I; R = R’ = H) for 
comparison]. 

(b) Bridged compounds without additional conjugation: 2 : 7-dihydro-2 : 7-dimethyl- 
3:4-5:6-dibenzoxepin (Il; R= Me, R’ =H); 2: 7-dihydro-2: 2:7: 7-tetramethyl- 
3: 4-5: 6-dibenzoxepin (II; R = R’ = Me) [see Fig. 2, which includes 2: 7-dihydro- 
3:45: 6-dibenzoxepin (II; R= R’=H) for comparison}; 2-methyl-3: 4-5: 6-di- 
benzocyclohepta-3 : 5-diene (III; R=H); 2:2: 7-trimethyl-3 : 4-5 : 6-dibenzocyclo- 
hepta-3 : 5-diene (III; R = Me) (for spectra, see ref. 1). 

(c) Unbridged compounds with additional conjugation: 2: 2’-divinyldiphenyl (IV; 
R =H); 2: 2-di-(l-methylvinyl)diphenyl (IV; R = Me) (Fig. 3); 2 : 2’-diacetyldiphenyl 
(V) (Fig. 5). 

(d) Bridged compounds with additional conjugation: 2-methyl-3 : 4-5 : 6-dibenzo- 
cyclohepta-1 : 3: 5-triene (VI; R=H); 2:7: 7-trimethyl-3 : 4-5 : 6-dibenzocyclohepta- 
1:3:5-triene (VI; R=Me); 3: 8-dimethyl-4: 5-6: 7-dibenzo-1 : 2-diazocine (VIII) 
(Fig. 6). 

The first two groups may be considered in the same way as corresponding compounds 
in Parts 1% and V.2_ The increase in the size of substituent groups in the unbridged 
compounds is accompanied by an increase in the minimum angle possible between the ring 
planes. This results in a short-wave shift and decrease in intensity of the diphenyl-type 
conjugation band. The resolved long-wave fine-structure from the individual phenyl 
chromophores becomes correspondingly more prominent although its total intensity tends 
also to decrease owing to progressive reduction in overlapping by the conjugation band. 

The steric effect of an aliphatic hydroxyl group in (I) appears to be almost the same as 
that of a methyl group similarly located, which might be expected (Fig. 1). The more 
polar nature of the hydroxyl group leads, however, to decreased resolution of vibrational 
fine-structure. 

Connection of the 2 : 2’-positions by a saturated bridge, linking the benzene rings by 
a chain of three atoms, permits a closer approach to coplanarity and, in accordance with 
expectation for a purely steric effect, little difference is observed between the oxepins 
(Il; see Fig. 2) and the bridged hydrocarbons (III). In these compounds the conjugation 
band is of the same order of intensity as in diphenyl itself (cf. Braude and Forbes‘). The 
substitution respectively of single (II; R—=Me, R’=H; III, R=H) and paired 
(II; R = R’ = Me; III; R = Me) methyl groups on the bridge atoms adjacent to the 
benzene rings in both classes of compound alters the wavelength of the conjugation band 
in opposite directions; single methyl groups give a short-wave shift and paired methyl 
groups a long-wave shift, accompanied in the latter case by a perceptible reduction in 
intensity (Table 1; Fig. 2). These changes, although small, form a consistent pattern, 
and suggest that the bridge atoms and their substituent groups may be directly involved, 
through hyperconjugation, in the interaction between the phenyl groups, in addition to 
their influence on the angle between the benzene ring planes. 

With the space-filling type of model ® available to us, the angle between the phenyl 


* Beaven, Bird, Hall, Johnson, Ladbury, Lesslie, and Turner, J., 1955, 2708. 
3 Beaven, Hall, Lesslie, and Turner, /., 1952, 854. 

* Braude and Forbes, J., 1955, 3776. 

* Settatree, Thomas, and Yardley, Nature, 1950, 166, 59. 
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ring planes in the rigid oxepin-type structure is large (ca. 45°) and allows one methy! group 
to be substituted on each of the 2- and 7-carbon atoms, with a choice of approximately 
axial or equatorial conformations and no further departure from coplanarity. The tetra- 
methyl derivative can also be built but there is, of course, no choice of conformation, and 
rotation of the methyl groups is restricted. In this connection, it may be noted that the 
model used by Braude and Forbes‘ to depict the oxepin structure with an interplanar 
angle of ca. 20° implies a completely unsymmetrical bridge, in which equality of the 
C-C-O bond angles cannot possibly be maintained. 

It is also noteworthy that the intensities of the short-wave bands of both the oxepins 
and the dibenzocycloheptadienes are almost completely insensitive to the introduction of 
methyl groups on the bridge carbon atoms, although the tri-and tetra-methyl derivatives 
show an inflection in the 210—215 my region. Increasing substitution tends to result in 
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hic. 1. ——, 2: 2’-Di(hydroxymethyl])diphenyl (I; R = R’ = H); — — —, 2: 2’-di-(1-hydroxyethy])- 


diphenyl (I; R = Me, R’ = H); -—-—-, 2: 2’-di-(l-hydroxy-1-methylethyl)diphenyl (I; R = R’ = 
Me). Solvent, 96% ethanol. 


lic. 2. ——,2 
methyl-3 : 4 
methyl-3 : 4 


=~. 


: 6-dibenzoxepin (II; R = Me, R’=H); — —, 2: 7-dihydro-2 : 2:7: 7-tetra- 


: 7-Dihydro-3 : 4-5 : 6-dibenzoxepin (II; R = R’ = H); - , 2: 7-dihydro-2 : 7-di- 
-5: “ ‘ 
-5 : 6-dibenzoxepin (II; R = R’ = Me). Solvent, 96% ethanol. 


lic. 3. ——, 2: 2’-Divinyldiphenyl (IV; R =H); ———, 2: 2’-di-(l-methylvinyl)diphenyl (1V; 
R = Me). Solvent, light petroleum (b. p. 100—120°). 


the disappearance of the rudimentary long-wave inflection at 276—278 my, though this 
may be due to increasing overlapping as the conjugation band shifts to longer wavelengths. 

In Group (c) the steric conformations of two conjugated systems must be considered in 
each compound, the diphenyl system itself and the individual substituted benzene (styrene 
or acetophenone) systems. In this group the coplanarity condition cannot be approached 
for the diphenyl system in any of the three compounds, and for the substituted benzene 
systems departures from coplanarity will be considerable in the 1-methylvinyl derivative 
(IV; R = Me) and probably significant in the others. 

The spectrum of 2 : 2’-divinyldiphenyl (IV; R =H; Fig. 3) indicates that bands due 
to styrene-like conjugation occur at ca. 290 my and at ca. 250 my, but the intensity is 
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significantly less than twice the value found for styrene itself. Similarly, the inflection 
at 235 mp may be ascribed to a severely hindered di-ortho-substituted diphenyl (cf. 2 : 2’-di- 
alkyldiphenyls, Part VI’); its apparent high intensity must be partly determined by the 
overlapping bands at both longer and shorter wavelengths. 

The spectrum of 2: 2’-di-(l-methylvinyl)diphenyl (IV; R = Me) (Fig. 3) may be 
interpreted in a precisely similar manner. The additional steric requirements of the two 
methyl groups would be expected to result in a reduction of intensity of the band systems 
due to both types of conjugation. The difference between the spectrum of styrene and of 
a-methylstyrene (Fig. 4) is, in fact, accurately reflected in the spectra of the corresponding 


diphenyls, though the changes in diphenyl-type conjugation below 230 my are masked 
by heavy overlapping. 
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——, Acetophenone; — — —, 2: 2’-diacetyldiphenyl (V). Solvent, 96% ethanol. 


The relationship of the spectrum of 2 : 2’-diacetyldiphenyl (V) to that of acetophenone 
(Fig. 5) is again very similar. The band systems of acetophenone are all represented, and 
the deep short-wave minimum at 216-5 my in acetophenone has evidently been obscured by 
the overlapping diphenyi-type conjugation band. It may be observed that the intensity 
of absorption of diacetyldipbenyl at 242-5 my, the wavelength of the conjugation band of 
acetophenone, is very much less than twice that of acetophenone. Since at this wave- 
length the diphenyl conjugation band probably contributes significantly to the total 
absorption, the diacetyldiphenyl may be regarded as an acetophenone showing a strong 
ortho-effect, to which its conjugation band is especially sensitive.® 

A discussion of the spectra of compounds in this group on the basis of two separate 
types of conjugation appears to account for all the main features and to a large extent for 


* American Petroleum Institute, Research Project 44, Catalogue of Ultraviolet Spectral Data; 
serial no. 168, contributed by Shell Development Co. 


7 Everitt, Hall, and Turner, /., 1956, 2286. 
® Braude and Sondheimer, /., 1955, 3754. 
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their intensities, although in 2 : 2’-diacetyldiphenyl the intensity of long-wave absorption 
above about 300 my is too great to be interpreted as that of two substituted acetophenones. 
Apart from this feature, however, it does not appear necessary to consider large contribu- 
tions from new or totally conjugated systems. It is significant that both the types of 
conjugation are structurally possible and that both make appreciable contributions to the 
spectra, even though the coplanarity condition is not satisfied in either case (cf. Dewar °). 
For the compounds of Group (@) it is less easy to find structural analogies. The intro- 
duction of a double bond into the C, bridge to give the dibenzocyclohepta-l : 3 : 5-triene 
system (VI) results in a striking alteration in the spectrum when compared with the related 
dienes (III), notably the appearance of an intense band (with some fine-structure at the 
maximum) at ca. 235 my, accompanied by a prominent inflection at ca. 260 my and a much 
weaker long-wave inflection at ca. 290 mu. The comparison strongly suggests that the 
band at ca. 235 my in the spectra of the trienes must be due to additional overall conju- 
gation, resulting from the double bond in the bridge, and also the closer approach to 
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coplanarity of the diphenyl structure. Molecular models indicate that the angle between 
the benzene ring planes is somewhat smaller in (III) than in (VI). Hyperconjugation va 
the bridge methylene group (C;,)) does not appear to be an important factor, as the intro- 
duction of methyl groups at this position (VI; R = Me) only results in a small long-wave 
shift, with no serious intensity changes. In terms of the simple partial chromophore 
concept used above to discuss the spectra of the compounds of types (IV) and (V), the 
spectra of the dibenzocycloheptatrienes may be regarded as composed of overlapping 
contributions from the diphenyl-type conjugation through the collinear bond (C;g—C,5)) 
and from a styrene-like chromophore involving the double bond of the bridge. The total 
absorption intensity in the ca. 240 my region is certainly far too high to be accounted for 
solely on the basis of styrene-like conjugation. The weak long-wave inflections are also 
consistent in location and intensity with contributions from a styrene system, though 
lacking the characteristic resolved fine-structure of the latter, which is known to be very 
sensitive to steric effects (Table 2, Fig. 4). Contributions from the individual pheny] 
groups acting as partial chromophores might be expected in the ca. 260—270 my region,’ 
but because of their low intensity will be obscured by the intense contributions from the 
conjugated chromophores at this wavelength. 


* Dewar, J. Amer. Chem. Soc., 1952, 74, 3345. 
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A partial structural analogue to (VI) is 1 : 3-diphenylpropene (VII). Its ultraviolet 
spectrum, which does not appear to have been previously reported, is shown in Fig. 4 
(cf. Table 2); the possible configuration of this material is discussed in the Experimental 
section. Apart from a long-wave shift, its spectrum is very similar indeed, both qualit- 
atively and quantitatively, to that of 8-methylstyrene ; 1° when compared with the spectra 
of the cyclic trienes (VI), the considerable differences emphasise the importance of the 
diphenyl-type conjugation through the collinear bond (C;,4,—C,,)) in the latter group of 
compounds, despite the deviation from coplanarity of the diphenyl system. 


CP) CRR*OH pe Y YY 
(I) 


(IT) (IIT) 
CR: CH, CR:CH, one, COMe ty 
(IV) (V) 
(VI) 
CHoveeoK) 

ww ww, 
(VII) 8 3 
o 24 
—N 

(VIII) (IX) 

(X) Ph-CH=N-N=—CHPh Ph-CH—NMe (XT) 


The spectrum (Fig. 6, Table 2) of the cyclic azine (VIII) has few distinctive features. 
If the postulated structure is correct this particular type of eight-membered ring must be 
considerably puckered (cf. cyclooctatetraene 1), and, to judge from the lack of a discrete 
conjugation band, probably more so than in the dibenzocyclooctadiene derivatives (IX) 
described in Part V.2 The result of introducing the additional C=N double bonds into 
this structure is difficult to predict, but in the cycloheptatrienes (VI), which will be more 
nearly coplanar than the azine, the effect of a single C=C double bond in the bridge on 
the spectrum is very marked, as discussed above. 

Comparison of the spectra !* of benzylideneazine (X) and N-methylbenzylideneimine 
(XI) with that of the cyclic azine shows that conjugation of the C=N groups with the 
phenyl groups, either singly or as a pair, must be seriously inhibited, confirming the indic- 
ations from a molecular model in which the two benzene rings are at an angle of ca. 60° with 
each other, and also at a considerable angle with the planes of the C=N bonds. The 
spectrum of the cyclic azine is therefore best accounted for on the basis that diphenyl-type 
conjugation through the collinear bond (VIII; C;;,—Cj)), conjugation through the azine 
bridge, and interaction of the C=N bonds with the adjacent phenyl groups, are all operative 


10 Ref. no. 6, serial no. 121, contributed by Dow Chemical Co. 

11 Dunitz and Robertson, Ann. Reports, 1952, 49, 372; McEwen and Longuet-Higgins, J]. Chem. 
Phys., 1956, 24, 771. 

12 Cf. Braude, Ann. Reports, 1945, 42, 126. 
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to some extent, and all affected by the general departure from coplanarity. The short- 
wave shift of the most intense region of absorption, relative to the ca. 240 my band of the 
cyclic trienes, may possibly be due to the methyl substituents on C;,) and Cig), as observed 
by Barany e¢ al.!8 for linear diphenylazines. In the latter compounds the shift is accom- 
panied by a marked reduction in intensity (which was not commented on by these authors), 
an effect which may also be operative in the cyclic azine. These two effects of alkyl 
substitution on the spectra of diphenylazines are in contrast with the general spectral 
similarities between diphenylpolyenes and the corresponding diphenylazines. 


EXPERIMENTAL 


The majority of the compounds examined were those prepared by Hall, Ladbury, Lesslie, 
and Turner.!. The best sample of 2: 2’-di-(1-methylvinyl)diphenyl (IV; R = Me) was found, 
by vapour-phase chromatography on a stationary phase of Apiezon M at 197°, to contain 7-5% 
by wt. of the tetramethyloxepin (II; R = R’ = Me); appropriate corrections were applied 
to the spectroscopic data. Acetophenone was purified by crystallisation and distillation 
(n® 1-5332) ; «-methylstyrene was fractionated (b. p. 53-5°/14 mm., n? 1-4391). 

1: 3-Diphenylpropene (VII) was prepared from phenylacetaldehyde, as described by 
Stoermer et al.44 The product was recrystallised twice from ethanol at low temperature, 
followed by distillation (m. p. 14-5—15°, n° 1-6015); it gave a single peak in vapour-phase 
chromatography under conditions (see above) which easily resolve the cis- and the trans-form 
of stilbene. The literature on this compound is confused. Tuot and Guyard 35 reported two 
isomers: (a) m. p. 51°, b. p. 159°/25 mm.; and (b) b. p. 178°/18 mm., ?° 1-5807, which were 
described as the trans- and the cis-form respectively. From its behaviour in vapour-phase 
chromatography, when compared with compounds of related structure, there is support for the 
conclusion that the present low-m. p. preparation is the trans-isomer. Serijan and Wise *° 
obtained a fraction with m. p. 11-8°, nf 1-6000, from the mixture of isomers formed by de- 
hydration of 1 : 3-diphenylpropan-2-ol over alumina. 

Absorption spectra were measured in a Unicam S.P.500 photoelectric spectrophotometer ; 
observations at wavelengths shorter than 220 my were made in 1 mm. cells and at low optical 
densities to minimize errors due to stray radiation. The locations of fine-structure bands and 
inflections were confirmed photographically, using the logarithmic-cam, moving-plate 
method,}? but the wavelengths listed in the Tables for inflections are the values obtained by 
direct examination of large-scale plots of the spectra. 


The authors thank Professor E. E. Turner, F.R.S., and Dr. D. M. Hall for samples of the 
diacetyldiphenyl derivatives and for helpful discussions, and Dr. J. Walker for the preparation 
of 1 : 3-diphenylpropene. 
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13 Barany, Braude, and Pianka, J., 1949, 1898. 

14 Stoermer, Thier, and Laage, Ber., 1925, 58, 2607. 

15 Tuot and Guyard, Bull. Soc. chim. France, 1947, 1086. 
16 Serijan and Wise, J. Amer. Chem. Soc., 1951, 78, 4766. 
17 Holiday, J. Sci. Inst., 1937, 14, 166. 
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132. Structure and Reactivity of the Oxyanions of Transition Metals. 
Part IV.* Some Relations between Electronic Spectra and Structure. 


By A. CARRINGTON, D. SCHONLAND, and M. C. R. Symons. 


The molecular-orbital level scheme derived by Wolfsberg and Helmholz ! 
for MnO, and CrO,?~ has been extrapolated to explain the electronic spectra 
of the ions MnO,?-, MnO,3-, CrO,3-, and FeO,?-. A linear relation between 
the long wavelength absorption maxima of 3d and 4d transition-metal oxy- 
anions isoelectronic with MnO, and the ionic radii of the central metal atoms 
is discussed. 

Details are given of the visible and ultraviolet absorption spectra in 
solution of the ions ReO, and FeO,?-. 


IN a molecular-orbital treatment of a molecule, the wave function describing its electronic 
structure is assumed to be a product, or a linear combination of products, of single-particle 
molecular orbitals which extend over the molecule as a whole. The molecular orbitals 
for a given molecule reflect its geometrical structure and can be classified according to 
their behaviour under the group of rotations and reflections which leave the molecular 
framework unchanged. For an XY, tetrahedral molecule (group 74) it can be shown by 
group-theoretical methods that the molecular orbitals must belong to one or other of five 
distinct types. The symbols (in Mulliken’s notation *) used for these types are listed in 
the first row of Table 1. 

When the Schrédinger equation for the XY, molecule is solved, one obtains a system 
of energy levels for the individual electrons, some of which are degenerate. The orbitals 
associated with a given level will belong to one of the five types; their corresponding 
degeneracy is shown in the second row of Table 1. The total electronic state of the 
molecule is then specified in the first place by the number of electrons occupying each 
level (the electron configuration). A given configuration will in general give rise to several 
distinct electronic states (terms) each of which again must belong to one of the five types of 
Table 1 and will have the corresponding degeneracy. In addition it will have the usual 
degeneracy associated with the possible arrangements of the electron spins. These electronic 
states for the whole molecule are designated, in the usual spectroscopic notation, by the 
appropriate capital letters with a superior suffix giving the spin degeneracy, while the 
orbital type associated with an individual electron is indicated by a lower-case (small) letter. 

Selection rules operate for optical transitions between different electronic states of the 
molecule, and the allowed transitions for XY, molecules are given in the third row 
of Table 1. 


TABLE 1. Classification of XY, molecular orbitals. 


Orbital type ......... A, A, E T, T; 
Degeneracy ......... 1 1 2 3 3 
Allowed transitions A,>T, A;>T, E->T,, T, T,>T,, T,, E, Ay Ts>T,, Ty, E, Ay 


Wolfsberg and Helmholz } have given a treatment of the tetrahedral ions MnO, and 
CrO,?- in which the molecular orbitals of different types are approximated by suitable 
combinations of 3d, 4s, and 4f atomic orbitals on the central metal atom and 2¢ orbitals 
on the oxygen ligands and in which they make various semi-empirical assumptions about 
the values of the parameters that enter the equations. The level schemes they obtain for 
chromate and permanganate are qualitatively very similar. Their scheme for chromate 
is shown in Fig. 1 in which the type of orbital associated with each level is shown, with 
an additional number where necessary to distinguish different levels of the same type. 


* Part III, J., in the press. 


1 Wolfsberg and Helmholz, J. Chem. Phys., 1952, 20, 837. 
2 Mulliken, Phys. Rev., 1933, 48, 279. 
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The levels below ¢, are bonding, those above ¢, are antibonding, while ¢, itself is non- 
bonding, its associated orbitals being centred on the oxygen atoms. Of the bonding 
levels, la, and lf, use atomic orbitals from which o-bonds could be formed in a directed- 
valency treatment (d*s or sf* tetrahedral hybridisation) while le represents a form of 
m-oxygen bonding with the central atom. Thus, as Wolfsberg and Helmholz point out, 
their results associate a very much greater stability with x-bond formation than is normally 
considered to be the case in a double bond. This is not the form of z-bonding normally 
postulated for complex compounds and cannot be pictured as a conventional double bond. 

Expected Nature of the Transitions.—For the chromate and permanganate ions there 
are altogether 24 electrons to be accommodated in this scheme and, regard being had to 
degeneracies of the various levels given in Table 1 and the spin degeneracy, it will be seen 
that in the ground state these will completely fill all the levels up to and including ¢,, giving 
a ground state configuration (le)*(1¢,)®(1a@,)?(2¢,)®(¢,)® which gives rise to a 14, electronic 





























4, EN. 
2e 4 
2a, i 
+6 
5t, +7 
” lic. 1. Energy level scheme for CrO,?~. 
et - 9 
24,7,—|- ——._ [0 
= a7) 
+ /2 














state. Wolfsberg and Helmholz then interpret the two bands in the visible and ultra- 
violet regions shown by chromate and permanganate as due to the electron jumps #,>3/, 
and 2t,->3¢,, which give rise respectively to the configurations and electronic states 
. «+ (t;)5(3¢,) : 17, and .. . . (2¢,)5(¢,)§(3¢,) : 17. Other singlet states can also be formed from 
these configurations, e.g., ... .(¢,)5{3¢,) can give 17, 1, and 14g, but no transitions from 
the 1A, ground state to these are allowed (Table 1). 

If further electrons are fed into these ions, it is evident that they should be accommod- 
ated in the triply degenerate 3¢, level. The results obtained from paramagnetic-resonance 


experiments * are in accord with this picture, indicating that, as one would expect, two ' 
electrons placed in the 3¢, level have their spins parallel, forming a triplet spin state. One 
is thus led to postulate the configurations and ground electronic states listed in Table 2. 


(Although Wolfsberg and Helmholz only discussed chromium and manganese oxyanions, 
it is reasonable to include iron as well.) 


TABLE 2. Ground states of the ions. 


Ion Configuration Electronic state 
CP I pestecicttintricass 4x ie (2t.)8(t,)¢ 14, 
CSE” iitiniminiaieds  -+ & eb A (t,)®(3¢,) 27, 
I 9 BOE Rivtsnnsctennecnsiaiesen + 8S (t,)®(3¢,)* "he 


When the 3¢, level is occupied, Fig. 1 shows that as well as the electron jumps ¢,>3é, 
and 2¢,>3¢,, the jumps 3¢,->2a, and 3¢,>2e become possible and should give absorptions 
in the same general region of the spectrum. 

Thus for 3¢,>2a, the excited configuration for CrO,°- and MnO,? will be . . . . (¢;)®(2a,) 
giving rise to a 2A, electronic state to which a transition from the *7, ground state is 


* Carrington, Ingram, Schonland, and Symons, J., 1956, 4710. 
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allowed. For MnO,’- the excited configuration is ... .(t,)§(3¢,)(2a,) which can form a 
triplet state of type T, which again gives an allowed transition from the *7J, ground state. 
In the same way the 3/,->2e jump gives rise to states to which transitions are allowed from 
the ground state. 

In the configurations with 3f, electrons, however, the ¢,>3/, and 2¢,>3, transitions 
become much more complex than for configurations in which 3¢, is unoccupied. Our 
calculations show that the ¢,>3¢, jump in MnO,?- which produces an excited configuration 
. . + -(t)5(3t,)? gives rise to one 2A,, two ?E, three 27,, and four 27, states to all of which 
transitions from the 7, ground state are allowed. The probability of a transition from 
the ground state to any one of these excited states is fairly small compared with the 
transition probability for the same electron jump in MnO, but the total transition prob- 
ability to all the excited states is 5/6 of that for the same transition in MnO,-. In MnO,?- 
therefore, the band spectrum associated with the 3¢,>2a, electron jump should have a 
simpler structure than that due to the ¢,->3¢, jump, and this fact is used below for the 
identification of these two transitions. 

Discussion of the Observed Specira.—The identification of the electronic transitions 
responsible for the absorption spectra of the different ions is shown in Tabie 3, where the 


figures in each column give (in cm.~+) the positions of the absorption maxima for the ions 
indicated. 


TABLE 3. Identification of electronic transitions in the spectra. 
Transition 


CrO,*- Cro;- MnO,~ MnO, MnO;- FeO,- 
Sty 28 occcccees _- 16,000 = 16,530 14,810 12,720 
DG vvecncsonnss 26,810 28,200 18,320 22,940 30,509 17,800 
ee — (a) -- 28,490 30,800 19,600 
eS 36,630 (a) 32,210 33,440 (b) (a) 
(a) Not observable. (b) See discussion. 


(i) CrO,2-,MnO,-. These are discussed by Wolfsberg and Helmholz. Their numerical 
results do not predict the positions of the absorption peaks correctly but do show the 
trend towards longer wavelengths in passing from CrO,?- to MnO,-. Moreover they are 
able to explain the weak bands found by Teltow‘ in his measurements on the mixed 
crystals K(Cl,Mn)O,. These occur at the long-wavelength end of the region covered by 
the bands belonging to the main absorption at 18,320 cm. and are explained as the 
normally forbidden transitions mentioned above, associated with the ¢,->3¢, jumpin MnO,-, 
which become allowed by the crystal symmetry. They are also able to account for the 
changes in the bands due to the main #,->3, transitions as the direction of polarisation 
varies with respect to the crystal axes. 

(ii) MnO,?-. This ion shows the four peaks,5 in the appropriate region of the spectrum, 
expected on the basis of the consideration of the preceding paragraph. Wolfsberg and 
Helmholz’s numerical results suggest that the 3/,>2a, transition should occur at lower 
energy than the ¢,>3¢, transition. Evidence that this is indeed the case is furnished by 
Teltow’s measurements ® on diluted crystals K,(S,Mn)O,. He divided his spectrum into 
four regions which correspond to the peaks found in the solution spectrum. The longest- 
wavelength region was characterised by a very well defined system of bands with definite 
fine-structure; the remaining regions consisted of weak and diffuse bands with a continuous 
background absorption at least partly due to the overlapping of unresolved bands. 

These results show that the long-wavelength absorption must be due to a transition 
from the ground state to a definite electronic excited state, while the transitions responsible 
for the other absorptions are much more complicated. Now we have seen that for MnO,?- 
the transition 3¢,->2a, gives rise to only one excited state, whereas transitions, each with 

* Teltow, Z. phys. Chem., 1938, B, 40, 397. 

* Carrington and Symons, /., 1956, 3373. 


* Teltow, Z. phys. Chem., 1939, B, 43, 198. 
Z 
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a relatively small transition probability, to a large number of excited states (which, owing 
to Coulomb effects, will have slightly different energies) will occur with the ¢,->3é, transi- 
tion. Hence one may conclude that the long-wavelength absorption in MnQO,* is due to 
the 3¢,>2a, transition. 

(iii) CrO,3-. Wolfsberg and Helmholz’s nv merical results indicate that the 3/,>2a, trans- 
ition in CrO,°~ should occur at considerably lower energy than the ¢,->3é, transition, and on 
this basis one can explain the peak that appears at 16,000 cm.- as the 3/,->2a, transition 
while the peak at 28,200 cm.-} will be the ¢,>3¢, transition. The fact that the energy 
difference between these transitions in CrO,°~ is large compared with the energy difference 
between the same transitions in MnO,?- is in accord with the level schemes for these two 
ions. It was not found possible ? to make measurements at wavelengths shorter than 300 my. 

(iv) MnO,°-. The absorption spectrum ® can be interpreted by correlating the lowest 
energy absorption with the 3¢,->2a, transition as for MnO,-. The very large, broad peak 
with its maximum at 30,800 cm.-} is interpreted as a superposition of the ¢,>3/, and 
3t,>2e transitions, and there is some further experimental evidence for this in that the 
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peak is just resolvable into two maxima of equal intensity at 30,800 cm. and 30,500 cm.-'. 
The peak now found at 47,000 cm.-! may be caused by the 2/,>3é, transition but the 
molar extinction coefficient (approximately 17,000) is of the order of magnitude expected 
for an absorption arising from charge-transfer to solvent * which might be expected in this 
energy region. Since MnO,°~ readily loses an electron ® this hypothesis seems reasonable. 

(v) FeO,?-. The spectrum is very similar in appearance to that of MnO,*-, the large 
peak being asymmetric with a shoulder at about 17,800 cm.~ before it reaches its maximum 
at 19,600 cm.-}. 

It may be worth noting that the increase in the energy required for the ¢,>3é, transition 
in passing from CrO,?- to CrO,°- and from MnO,- to MnO,?- and also the decrease in 
the energy required for the 3¢,>2a, transition in going from MnO, to MnO,°~ are both 
consistent with the expectation that, because of Coulomb repulsion, the presence of 
electrons in a given level will discourage transitions of more electrons into that level and 
encourage transition of an electron away from it into an empty level. 

Regularities in the Spectra of Transition-metal Oxyanions.—It is natural to consider 
whether the level scheme found by Wolfsberg and Helmholz for CrO,?- and MnO,-, which 
we have shown can be extended to explain the spectra of other valency states of these ions, 
can be applied to other oxyanions of metals with incomplete d-shells, for which molecular 
orbitals similar to those used for chromate and permanganate can be constructed. It has 


7 Bailey and Symons, J., 1957, 203. 

® Orgel, Quart. Rev., 1954, 8, 422. 

® Kordes, Z. phys. Chem., 1939, B, 48, 213. 

10 Ahrens, Geochim. Cosmochim. Acta, 1952, 2, 155. 
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already been noted that the qualitative results obtained from paramagnetic resonance 
studies,? which give information about the nature of the orbitals in which the unpaired 
electrons are placed, are consistent with such a level scheme. 

On this scheme the long-wavelength absorption in ions with the same number of valence 
electrons as MnO, would be due to the ¢,->3¢, transition, 7.¢., from the non-bonding ?¢, 
orbital to an empty x-type antibonding orbital. To a first approximation the energy of 
the non-bonding #, orbital (centred on the oxygen ligands) might be expected to be more 
or less independent of the nature of the central atom so that the energy required for the 
t,->3f, transition would depend directly on that of the 3é, level and so might be fairly 
simply related to properties of the central atom. 

Teltow ® suggested that a correlation existed between the long-wavelength absorption 
edges of such complexes and the ionic radii of the central atoms, the edge shifting to 
shorter wavelengths as the ionic radius increased. Fig. 2 shows the positions of the 
long-wavelength absorption maxima of MnO,-, CrO,?-, VO,- (3d transition elements), 
RuO,, TcO,-, MoO,?- (4d), and OsO,, ReO,, and WO,?- (5d), plotted as a function of the 
ionic radii of Mn?+, Cr6+, V5+, Ru§+, Mo®*, Os§+, Re?*, Tc?+, and W** respectively. 

The points for the 3d and 4d complexes lie on a good straight line, suggesting strongly 
that these complexes do indeed have very similar electronic structures. The 5d com- 
plexes do not fit on this line but a rough correlation does appear to exist for them among 
themselves. The reason for these deviations from the straight line might well be due to 
the part that f orbitals must play in complexes of the heavier metals. 
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EXPERIMENTAL 
rhe absorption spectrum of the ferrate ion in solution has recently been described by 
KXaufman and Schreyer 14 but they did not define the peak at 12,720 cm.“!, showing only a 
rising absorption. That this peak is due to the ferrate ion is shown if the gradual decomposition 
of potassium ferrate in aqueous potassium hydroxide (9m) is followed spectrophotometrically. 
Whilst the optical density slowly decreases, the ratio of the heights of the peaks at 19,700 cm.“! 
and 12,720 cm. remains constant. Furthermore the pronounced shoulder to the 19,700 cm.-! 
peak, centred at about 17,800 cm.-! was not recorded by Kaufman and Schreyer but is quite 
reproducible. Measurements were made down to 215 my where the optical density was still 
rising but the strong absorption of the excess of hydroxide ion in this region prevented definition 
of the peak. Potassium ferrate (97%) was prepared as described by Hrostowski and Scott }* 
and analysed by Schreyer’s method.* The spectrum is shown in Fig. 3. 
The measurements of the absorption spectrum of the hypomanganate ion reported earlier § 
11 Kaufman and Schreyer, Chemist-Analyst, 1956, 45, 22. 


12 Hrostowski and Scott, J. Chem. Phys., 1950, 18, 106. 
18 Schreyer, Analyt. Chem., 1950, 22, 691. 








664 Structure and Reactivity of Oxyanions of Transition Metals. Part IV. 


have been extended further into the ultraviolet region. Again the excess of hydroxide ion 
present, which is necessary to prevent protonation of the MnO,°~ ion, begins to absorb strongly 
at 215 my. A maximum absorption was found at 216 my (47,000 cm."!), at which wavelength 
the total optical density of the test solution against air as blank was 1-78. Quartz cells of 0-1 
mm. thickness were used and, in order to compensate for cell errors, two sets of measurements 
were made, the solvent and the test solution being interchanged in the cells. The two optical 
densities obtained for any one wavelength were then averaged. It was found impossible to 
make reliable measurements below 214 my because of light-scattering effects caused by the 
large slit widths necessary. Thus, whilst the cbserved maximum may be spurious, the magni- 
tude of the molar extinction coefficient in this region, which will have been reduced if stray 
light effects are important, is greatly in excess of any values previously observed for transition- 
metal oxyanions. 

The peak at 30,800 cm.-! has also been examined in detail. As was discussed earlier, this 
peak is just resolvable into two maxima of equal intensity at 30,800 cm. and 30,500 cm.}. 
Detailed measurements have been made with different concentrations of hypomanganate 
in differing concentrations of potassium hydroxide so that readings were taken throughout 
the reliable range of optical densities for the instrument used. In the large majority of cases, 
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the two maxima were found although in one or two instances the absorption curve showed only 
a slight asymmetry. Spectrographic analysis of a single diluted crystal would settle this point. 
If two transitions are occurring the real separation would be somewhat greater than the apparent 
splitting of 300 cm.-'. The solutions examined were made by dissolving crystalline sodium 
hypomanganate in aqueous potassium hydroxide solutions of concentrations between 6M and 
10M, the solvent being used in the blank cell. 

The absorption spectrum of the perrhenate ion, ReO,~, in aqueous solution has been described 
by Custers ™* who, however, was unable to make any measurements below 220 my (45,500 cm.~?). 
Measurements have now been made down to 190 my (52,700 cm.) and the complete spectrum 
is shown in Fig. 4. Potassium perrhenate was prepared by oxidation of powdered rhenium 
metal to perrhenic acid with 70% hydrogen peroxide, the solution being almost neutralised 
with aqueous potassium hydroxide and concentrated by evaporation. The solid obtained on 
cooling was recrystallised from distilled water. 

The first absorption maximum of the molybdate ion, MoO,?-, was obtained by using a 
solution of ammonium molybdate in aqueous potassium hydroxide (0-5m), the presence of 
alkali being necessary to prevent the formation of condensed species. These solutions were 
found to obey Beer’s law, whereas aqueous solutions, although showing the same first maximum 
at 44,000 cm.-!, exhibited slight deviations from Beer’s law. 

Similarly the spectrum of sodium tungstate in aqueous solution wasexamined. Solutions of 
concentrations 1 x 10°°m to 2 x 10m showed large deviations from Beer’s law but more 
dilute solutions (e.g., 0-5 x 10-¢m) showed only small deviations. All the solutions showed the 


14 Custers, Physica, 1937, 4, 426. 
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first absorption maximum at 50,300 cm.!. In very dilute aqueous solution, WO,?- should 
be the only species present.145 As a check on the position of the first maximum, a solution of 
sodium tungstate in aqueous potassium hydroxide (0-5M) was examined in cells 0-1 mm. thick. 
Because of the absorption of the excess of hydroxide ion, it was not possible to define the peak 
but the optical density was still rising at 48,000 cm."?. 

Other spectral data were taken from Connick and Hurley 1* (RuO,), Langseth and Qviller 1’ 
(OsO,), and Rulfs and Wayne }8 (TcO,-). 

Spectrophotometric measurements were made with a Unicam SP 600 glass spectrophoto- 
meter, and a Unicam SP 500 quartz spectrophotometer, the latter having been calibrated down 
to 190 mu. Calibrated quartz or glass cells of 0-1 mm., 1 mm., 2 mm., 5 mm., 1 cm., and 2cm. 
thickness were used. All reagents used were of ‘‘ AnalaR ’’ grade except for hydrogen peroxide 
which was the unstabilised product supplied by Laporte Chemicals Ltd. and the powdered 
rhenium metal which was supplied on loan by Johnson, Matthey and Co. Ltd. 


One of us (A.C.) thanks the Esso Petroleum Company for a Postgraduate Research 
Studentship. 


THE UNIVERSITY, SOUTHAMPTON. (Received, September 25th, 1956. 


15 Jander, Chem.-Zitg., 1934, 58, 247. 

16 Connick and Hurley, J. Amer. Chem. Soc., 1952, 74, 5012. 
17 Langseth and Qviller, Z. phys. Chem., 1934, B, 27, 79. 

18 Rulfs and Wayne, J. Amer. Chem. Soc., 1952, 74, 235. 


133. 66-Hydroxy-3 : 5-cyclopregnan-20-one and Some Related 
Compounds. 
By D. K. PateL, Vs PETRow, and (Mrs.) I. A. STUART-WEBB. 


A number of cyclo-steroids has been prepared by standard methods which 
however failed in two cases. 


Our interest in 68-hydroxy-3 : 5-cyclopregnan-20-one (II; R = R’ = H) arose from the 
observation by Dingemanse and Huis in ’T Veld! that administration of 68-hydroxy-3 : 5- 
cycloandrostan-17-one to a healthy male led to greater excretion of 118-hydroxylated 
metabolites in the urine than did that of a comparable quantity of 38-hydroxyandrost-5- 
en-17-one. Conversion of pregnenolone (I; R = R’ = H), a biogenetic precursor of the 
corticosteroids,? into the 6$-hydroxy-3 : 5-cyclopregnane derivative (II; R = R’ = H) 
was therefore expected to yield a structure potentially susceptible to 11$-hydroxylation 
in vivo and thus worthy of biological study. The work was extended to the other 3: 5- 
cyclo-steroids described below. 

66-Hydroxy-3 : 5-cyclopregnan-20-one (II; R = R’ = H) (see Shoppee and Summers * 
for the stereochemistry and mechanism of the 3: 5-cyclo-steroid rearrangement) was 
prepared as follows. (a) Pregnenolone (I; R = R’ = H) was converted into the benzene- 
sulphonate (I; R =SO,Ph, R’ = H) and toluene-f-sulphonate (I; R = SO,°C,H,Me, 
R’ = H),*5 which both passed into the required compound when heated with potassium 
acetate in aqueous acetone.® (b) Pregnenolone was treated with pyridine-sulphur trioxide 
(cf. ref. 7) to give pregnenolone pyridinium sulphate (I; R =—SO,-C;H;NH*). Reaction 
with potassium chloride gave the potassium salt which was transformed into the cyclo- 
steroid when heated with water and benzene under reflux. (c) Pregnenolone toluene-f- 
sulphonate was treated with fused potassium acetate suspended in acetic anhydride at 

1 Dingemanse and Huis in ’T Veld, Acta Physiol. Pharmacol. Neerl., 1951/2, 2, 229. 

* Saba, Hechter, and Stone, J. Amer. Chem. Soc., 1954, 76, 3862. 

3 Shoppee and Summers, J., 1952, 3361. 

¢ Butenandt and Grosse, Ber., 1937, 70, 1446. 

* Karrer, Asmis, Sareen, and Schwyzer, Helv. Chim. Acta, 1951, 34, 1022. 

* Cf. Beynon, Heilbron, and Spring, /., 1937, 1459. 

7 Sobel and Spoerri, J. Amer. Chem. Soc., 1941, 68, 1259. 

8 Teich, Rogers, Lieberman, Engel, and Davies, ibid., 1953, 75, 2523. 
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100°. After removal of a small quantity of pregnenolone acetate, the residues gave on 
chromatography a low yield of 68-acetoxy-3 : 5-cyclopregnan-20-one (II; R = Ac, R’ 
H). Hydrolysis of the last compound with methanolic potassium hydroxide gave an oil 
from which the parent cyclo-steroid was obtained after chromatography. 

An alternative route to 68-hydroxy-3 : 5-cyclopregnan-20-one utilised 38-hydroxypregna- 
5 : 16-dien-20-one (VI; R =H). This was converted into 6$-hydroxy-3 : 5-cyclopregn-16- 
en-20-one (III; R =H) by heating its benzenesulphonate or toluene-p-sulphonate with 


CO-CH,R’ CO-CH,R’ COMe 
M Me 








Me 





COMe 


(VI) 


potassium acetate in aqueous acetone. Catalytic hydrogenation of the 16 : 17-unsaturated 
steroid gave the saturated alcohol (II; R = R’ = H), also obtained in less satisfactory 
yield by catalytic hydrogenation of the acetate (III; R = Ac), followed by alkaline 
hydrolysis of the product. 

Extension of the 3 : 5-cyclo-steroid rearrangement to the 21-acetoxy-derivative (I; R = 
H, R’ = OAc) of pregnenolone offered no difficulty. The starting material, prepared by 
Ruschig’s method,!® was converted into the toluene-p-sulphonate (I; R = SO,°C,H,Me, 
R’ = OAc) which passed readily into 2l1-acetoxy-68-hydroxy-3 : 5-cyclopregnan-20-one (II; 
R =H, R’ = OAc) on treatment with potassium acetate in hot aqueous acetone. 3: 172- 
Dihydroxypregn-5-en-20-one, in contrast, resisted rearrangement. For its preparation 
16a : 17«-epoxy-38-hydroxypregn-5-en-20-one !! was treated with hydrobromic acid to give 
168-bromo-38 : 17a-dihydroxypregn-5-en-20-one (V; R =H, R’ = Br), which passed into 
38 : 17a-dihydroxypregn-5-en-20-one on reduction with Raney nickel. 1% The toluene- 
p-sulphonate of this compound regenerated the parent alcohol on treatment with potassium 
acetate, and was recovered unchanged after being heated in slightly alkaline water—benzene 
mixtures. Similarly, attempts to rearrange 17«-methyl-38-toluene-p-sulphonyloxyandrost- 
5-en-178-ol were unsuccessful. 36-Toluene-p-sulphonyloxy-17«-vinyl- and -172-ethynyl-38- 
toluene-p-sulphonyloxy-androst-5-en-178-ol, however, behaved as expected, yielding the 
cyclo-steroids (IV; R = -CH°CH, and -C:CH). 


EXPERIMENTAL 
Optical rotations refer to CHC1, solution in a 1 dm. tube unless otherwise stated. 
Pregnenolone benzenesulphonate (I; R = SO,Ph, R’ = H), prisms, m. p. 144—145° (from 


* Wallis, Fernholz, and Gephart, J. Amer. Chem. Soc., 1937, 59, 137. 

10 Ruschig, U.S.P. 2,554,472, 2,554,473, 2,609,379, 

11 Julian, Meyer, and Ryden, J. Amer. Chem. Soc., 1950, 72, 367; Julian, Meyer, Karpel, and 
Ryden Waller, ibid., p. 5145; Ringold, Léken, Rosenkranz, and Sondheimer, ibid., 1956, 78, 816. 

12 Cf. Adams, Patel, Petrow, and Stuart-Webb, J., 1954, 1825. 

18 Adkins, “ Reactions of Hydrogen,” Univ. Wisconsin Press, Wisconsin, 1937. 
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acetone-hexane), [«]?® +14° (c 0-537) (Found: C, 70-9; H, 7-6; S, 7-3. C,,H;,0,S requires 
C, 71-0; H, 7-9; S, 7-0%), was prepared by treating pregnenolone (5 g.) in pyridine (50 ml.) 
with redistilled benzenesulphony] chloride (5 ml.) overnight at room temperature. 

63-Hydroxy-3 : 5-cyclopregnan-20-one (II; R = R’ = H).—(a) Pregnenolone toluene-p- 
sulphonate (5 g.) (I; R = SO,°C,H,Me, R’ = H) was heated with potassium acetate (5-5 g.) in 
50% aqueous acetone (140 ml.) under reflux for 8—18 hr. The mixture was poured into water 
and the product isolated with chloroform-—ether. Crystallisation from acetone gave 68-hydroxy- 
3: 5-cyclopregnan-20-one, needles, m. p. 180—181°, [«]#* + 123° (c 0-663) (Found: C, 80-1; H, 
10-1. C,,H3;,0, requires C, 79-8; H, 10-1%). (6) Pregnenolone benzenesulphonate likewise 
gave the cyclo-steroid, m. p. 180—-181°, not depressed on admixture with a sample prepared as 
under (a). 

Pregnenolone Pyridinium Sulphate (I; R =SO,-C;H;NH*, R’ = H).—Pregnenolone 
(5 g.), dry benzene (60 ml.), pyridine (6 ml.), and pyridine-sulphur trioxide (5 g.) were stirred 
and warmed to 60° for 20 min. under arhydrous conditions. The mixture was cooled to room 
temperature and hexane (200 ml.) added. After being kept at 0° the precipitated solids were 
collected, washed with hexane—benzene (5:1), and dried in a desiccator. For purification, a 
sample (1 g.) was dissolved in chloroform (12 ml.) and chilled for a short time, and a small 
precipitate of pyridine-sulphur trioxide removed. Hexane (48 ml.) was added to the filtrate 
and, after storage at room temperature, the pregnenolone pyridinium sulphate collected and 
washed with a little hexane; it had m. p. 185—186°, [a]?? + 16° (c 0-412) (Found: N, 3-3; S, 
6-9. C,,H;,0O,NS requires N, 3-0; S, 6-7%). 

The foregoing compound (3 g.), suspended in water (60 ml.), was added with stirring to a 
solution of potassium chloride (6 g.) in water (60 ml.). The precipitated pregnenolone 
potassium sulphate was collected and washed with a little chloroform. It had m. p. 226—228°. 
A solution of this salt (500 mg.) in water (450 ml.) was made faintly alkaline with a few drops of 
2n-sodium carbonate. Benzene (150 ml.) was added and the mixture heated under reflux for 
5hr. The benzene layer was removed, washed with water, dried, and evaporated. The residue 
was crystallised from acetone, to give 68-hydroxy-3 : 5-cyclopregnan-20-one, m. p. and mixed 
m. p. 180—181°. 

68-Phenylacetoxy-3 : 5-cyclopregnan-20-one (II; R = CO*CH,Ph, R’ = H).—tThe alcohol 
(1 g.) in dry benzene (4 ml.) and pyridine (1 ml.) was treated at 0° under nitrogen with pheny!l- 
acetyl chloride (0-7 ml.). After 19 hr. at room temperature the oily product was isolated with 
chloroform. It was chromatographed in benzene—hexane (1:1) on alumina (30 g.; B.D.H. 
chromatography grade used throughout). The benzene-hexane (1: 1) —» pure benzene 
eluates yielded the phenylacetate, needles (from acetone-hexane), m. p. 136—137°, [a]? +- 102° 
(c 0-554) (Found: C, 79-7; H, 8-9. C,,H,,0, requires C, 80-2; H, 8-8%). 

68-Acetoxy-3 : 5-cyclopregnan-20-one (II; R = Ac, R’ = H).—(a) This compound, prisms, 
m. p. 144—145° (from ether—hexane), [«]# +-111° (c 0-478) (Found : C, 77-0; H, 9-7. C 3H 3,0; 
requires C, 77-1; H, 9-5%), was prepared by heating the alcohol (4-6 g.) with pyridine—acetic 
anhydride (10 ml. of each) for 1 hr. on the steam-bath. (b) Fused potassium acetate (10 g.) was 
dissolved in boiling acetic anhydride (150 ml.), and the solution cooled to 50°. Pregnenolone 
toluene-p-sulphonate (3-5 g.) was added and the mixture heated with stirring on the steam- 
bath for 36 hr. The solution was concentrated under reduced pressure and the product isolated 
with ether (charcoal). Crystallisation from acetone—hexane gave pregnenolone acetate. The 
residue, in benzene, was chromatographed on alumina (100 g.). The benzene —» benzene- 
ether eluates yielded 68-acetoxy-3 : 5-cyclopregnan-20-one, identified by m. p. and mixed m. p. 

The foregoing compound (360 mg.) in methanol (18 ml.) was heated with potassium 
hydroxide (400 mg.) in water (4 ml.) under reflux for 2hr. The product, in benzene, was passed 
through a short column of alumina and thereafter crystallised from acetone to give the free 
alcohol, identified by m. p. and mixed m. p. 

36-Benzenesulphonyloxypregna-5 : 16-dien-20-one (VI; R = SO,Ph) separated from acetone 
in needles or plates, m. p. 152—153°, [a]?#* —31° (c 0-3244) (Found: C, 71-3; H, 7-3; 5S, 7-2. 
Cy,H,,0,S requires C, 71-4; H, 7-5; S, 7-05%). 

68-Hydroxy-3 : 5-cyclopregn-16-en-20-one (III; R =H) formed prisms, m. p. 136—137°, 
[a]?? +90° (c 0-44) (Found: C, 79-4; H, 9-3. C,,H3 90, requires C, 80-2; H, 9-6%), after 
crystallisation from acetone—hexane (with Mr. D. N. Kirk, B.Sc.). 

68-A cetoxy-3 : 5-cyclopregn-16-en-20-one separated from ether—hexane in prisms, m. p. 143 
145°, (a |% + 80° (c 1-02) (Found: C, 77-2; H, 8-6. C,,;H 3,0, requires C, 77-5; H, 8-99). 
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The free alcohol (III; R =H) (800 mg.) in 90% aqueous methanol (80 ml.) was 
hydrogenated over 2% palladium—calcium carbonate at atmospheric pressure, and the product 
crystallised from acetone, to give the cyclo-steroid (II; R = R’ =H), m. p. and mixed m. p. 
180—181°. 

The acetate (III; R = Ac) (2-5 g.) in methanol (100 ml.) was similarly hydrogenated over 
Raney nickel, to give the acetate (II; R = Ac, R’ = H), m. p. and mixed m. p. 144—145 
(Found : C, 77-6; H, 9-8%). 

21-A cetoxy- ~38- rtoluene-p-sulphonyloxypregn-5-en-20-one (I; R =SO,-C,H,Me, R’ = OAc) 
had m. p. 105°, [a]# + 25° (c 0-412) (Found: C, 67-4; H, 7-8; S, 5-7. Cg9H4gO,S requires C, 
68-2; H, 7-6; S, 6-1%), after crystallisation from acetone-hexane. 

21-Acetoxy-68-hydroxy-3 : 5-cyclopregnan-20- one (II; R =H, R’ = OAc) separated from 
acetone—hexane in needles, m. p. 122—123°, [a]7? --114° (c 0-464) (Found: C, 73-9; H, 9-3 
Cy,3H 3,0, requires C, 73-8; H, 9-1%). 

168-Bromo-38 : 17a-dihydroxypregn- 5-en-20-one (V; R =H, R’ = Br), m. p. 193—194° 
(from methylene chloride—hexane), [« Yong +7° (c 0-527 in dioxan) (Found: C, 61-2; H, 7-6; Br, 
19-6. C,,H;,0,Br requires C, 61-3; H, 7-5; Br, 19-5%), was prepared by treating 16a : 17a- 
epoxy-38-hydroxypregn-5-en-20-one (10 g.) in acetic acid (100 ml.) with 30°, hydrobromic acid 
in acetic acid (1 ml.) at room temperature for 30 min. 

38-A cetoxy-168-bromo-17a-hydroxypregn-5-en-20-one (V; R = Ac, R’ = Br), m. p. 159— 
160° (from aqueous methanol), [«] Jy —30° (c 0-422) (Found: C, 61-5; H, 7-4; Br, 17-2 
C,,H,,0,Br requires C, 60-9; H, 7- 3; Br, 17-7%), was similarly prepared from 3$-acetoxy- 
16a : 17«-epoxypregn-5-en-20-one. 

17a-Hydroxy-38-toluene-p-sulphonyloxypregn-5-en-20-one (V; R = SO,°C,H,yMe, R’ = H) 
had m. p. 153—154° (Found: C, 69-4; H, 7-5. C,gH;,0;S requires C, 69-1; H, 7-8%) after 
crystallisation from acetone—hexane. 

17a-Methyl-38-toluene-p-sulphonyloxyandrost-5-en-178-ol, needles (from acetone), had m. p. 
122—123°, [a]?# —62° (c 0-97) (Found: C, 70-1; H, 8-0; S, 7-2. C,;H3,0,S requires C, 70-7; 
H, 8-3; S, 7-0%). 

ripen etapa 17a-vinylandrost-5-en-178-ol separated from acetone—hexane in 
needles, m. p. a (Found: S, 7-0. C3zgH3,0,S requires S, 6-8%). 

17a-Vinyl-3 : 5-cy' + ert Rear -68 : 178-diol (IV; R = *CH:CH,).—The foregoing compound 
(2-3 g.) was heated with potassium acetate in 50% aqueous acetone under reflux for 6} hr. The 
product, in benzene, was chromatographed on alumina (60 g.). The ether —» ether-acetone 
eluates yielded the cyclo-steroid, m. p. 154—155°, [a]?! + 28° (c 0-35) (Found: C, 79-3; H, 
10-4. C,,H 3,0, requires C, 79-7; H, 10-1%), after crystallisation from acetone—hexane. 

17x-Ethynyl-38-toluene-p- ret ree en- os ol formed needles, m. p. 140—141°, 
a|7? —74° (c 0-960) (Found: C, 72-1; H, 8-2; S, 6-5. C,gH3,0,S requires C, 71-8; H, 7-7; S, 
6-84%), on crystallisation from acetone-hexane. 

17a-Ethynyl-3 : 5-cycloandrostane-68 : 178-diol (IV; R = *C3}CH).—The product from 7 g. of 
the preceding ester was chromatographed in benzene on alumina (200 g.). The ether —» 
ether—acetone (9: 1) eluates yielded the cyclo-steroid, m. p. 153-—154°, {a}?! —8° (c 0-711) (Found : 

79-6; H, 9-7. C.,H39O, requires C, 80-3; H, 9-6%). 


The authors thank the Directors of The British Drug Houses Ltd. for permission to publish 
this work. 
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134. The Hemicelluloses of Loblolly Pine (Pinus taéda) Wood. 
Part I. The Isolation of Five Oligosaccharide Fragments. 


By J. K. N. Jones and T. J. PAINTER. 


Controlled acid hydrolysis of the extractive-free wood of loblolly pine has 
led to the isolation of 2-O-(4-O-methyl-«-p-glucuronosyl)-D-xylose (A) and 
4-O-8-p-glucopyranosyl-«-D-mannopyranose (B). Alkaline extraction of the 
wood holocellulose afforded a mannose-rich hemicellulose fraction, which on 
partial hydrolysis gave (B), 4-O-8-p-mannopyranosyl-«-p-mannopyranose 
(C), 4-O-8-p-mannopyranosyl-«-p-glucopyranose (D), and O-$-p-manno- 
pyranosyl-(1->4)-O-8-p-mannopyranosyl-(1->4)-«-D-mannopyranose (EF). 


A sTupDY is being made of the polysaccharides which constitute the hemicellulosic fraction 
of loblolly pine (Pinus taéda Linnaeus) wood.! As part of the programme, the isolation is 
being attempted of oligosaccharides, formed by partial acid hydrolysis of the hemicelluloses. 
In the present work, partial hydrolysis was carried out on the crude wood, and also on a 
hemicellulose fraction which was prepared from the wood. 

In the first series of experiments, the crude, extractive-free sawdust was partially 
hydrolysed with dilute sulphuric acid. Chromatography of the products indicated that 
the major monosaccharide components were glucose, mannose, galactose, arabinose, 
xylose, 4-O-methylglucuronic acid, and galacturonic (and/or glucuronic) acid. No other 
sugars were detected when further hydrolysates of the wood residue were examined on 
chromatograms. It is therefore probable that residues of the above monosaccharides are 
the only major structural units in the hemicellulosic fraction of the wood. 

In addition to the monosaccharides, at least five acidic oligosaccharides and three 
neutral oligosaccharides were detected in the hydrolysate. The acidic and neutral sugars 
were separated on an anion-exchange resin,? and were further fractionated by charcoal- 
adsorption chromatography and by paper chromatography. 

The major component of the acidic oligosaccharide fraction was 2-0-(4-O-methyl-«-p- 
glucuronosyl)-D-xylose (A). This aldobiuronic acid has also been isolated from the 
hydrolysates of aspen ?, beech %, birch #, Scots pine 5, black spruce 5, flax ®, maize-cob 7, 
and western hemlock ® hemicelluloses. It was characterised according to the general 
procedure of Jones and Wise.2, The major component of the neutral oligosaccharide 
fraction was 4-0-8-p-glucopyranosyl-«-D-mannopyranose (B); it was characterised by 
comparison of the sugar and its octa-acetate with authentic specimens. Control experi- 
ments indicated that this sugar was not an artefact. 

Loblolly pine holocellulose, prepared by the chlorite procedure of Wise, Murphy, and 
D’Addieco,® was extracted with aqueous potassium hydroxide containing boric acid.” 
Addition of Fehling’s solution to the extract yielded an insoluble copper complex, from 
which, after acidification, a copper-free hemicellulose fraction (I) was obtained. Chrom- 
atography of the hydrolysed material indicated the presence of glucose and mannose, 
together with minor amounts of galactose, xylose, and 4-O-methylglucuronic acid. 

The fraction (I) was completely soluble in aqueous formic acid, and the change in 
optical rotation of a heated solution was followed. It became constant after 10 hr. 
When hydrolysis under the conditions chosen was stopped after 4 hr., a mixture 

1 A report on some aspects of this work appeared in TA PPI, 1956, 39, 438. 

2 Jones and Wise, J., 1952, 2750, 3389. 

* Aspinall, Hirst, and Mahomed, J., 1954, 1734. 

* Saarnio, Wathén, and Gustafsson, Acta Chem. Scand., 1954, 8, 825. 

5 Gorrod and Jones, J., 1954, 2252. 

® Geerdes and Smith, J. Amer. Chem. Soc., 1955, 77, 3569. 

7 Whistler, Conrad, and Hough, ibid., 1954, '76, 1668. 

® Dutton and Smith, ibid., 1956, 78, 2505. 


® Wise, Murphy, and D’Addieco, Paper Trade J., 1946, 122, No. 2, 35. 
10 Jones, Wise, and Jappe, TA PPI, 1956, 39, 139. 
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containing at least four oligosaccharides was obtained; the sugars were detected 
chromatographically. After separation of the sugars by charcoal chromatography,'' 
all four oligosaccharides were obtained crystalline. They were the glucosido- 
mannose (B), 4-O-8-pD-mannopyranosyl-«-D-mannopyranose (C), 4-O-8-p-mannopyr- 
anosyl-x-D-glucopyranose (D), and O-8-p-mannopyranosyl-(1->4)-O-3-p-mannopyranosyl- 
(1->4)-«-p-mannopyranose (E). They were characterised by comparison of the sugars 
with authentic specimens. Control experiments indicated that these oligosaccharides 
were not reversion products. 

The isolation of the disaccharides (B) and (D) from the hemicellulose fraction (I) 
establishes that, in loblolly pine, glucose and mannose residues are linked together by 
8-(1->4) glycosidic bonds in a polysaccharide (or group of polysaccharides) which is distinct 
and separable from the residual “ «-cellulose”” of the wood. Leech !* has obtained a 
glucosidomannose by acetolysis of slash pine holocellulose, and Hamilton, Kircher, and 
Thomspon 8 have isolated a mannoglucan from western hemlock. 

It is significant that no cellobiose, and no trisaccharides other than mannotriose (E), 
were detected in the present work. The apparent absence of cellobiose suggests that the 
loblolly pine mannoglucan is dissimilar to that of the Iles mannan studied by Smith and 
his co-workers.!* 15 The gross preponderance of mannotriose over other trisaccharides is 
probably due to the choice of hydrolytic conditions, and to the fact that mannose residues 
preiominate in fraction (I) (unpublished results). However, it might further signify that 
the parent polysaccharide contains relatively long chains of contiguous mannose residues. 
If this is the case, fraction (I) either contains a single mannoglucan, in which mannose and 
glucose residues are unevenly distributed, or it contains a mixture of a mannoglucan and 
one or more other mannans. At least one of the mannans in fraction (I) is believed to be 
associated with galactose residues. 

A hemicellulose fraction similar to (I) has subsequently been resolved into a fraction 
(II) containing mannose, glucose, and galactose residues only, and a fraction (III) contain- 
ing xylose and 4-O-methylglucuronic acid residues only. Thus (II) appears to have been 
the source of fragments (B), (C), (D), and (E), and (III) is considered to be the source of 
fragment (A) in the original wood. Details of this, and the results of methylation studies 
on fractions (II) and (III) will be published later. 


EXPERIMENTAL 


Paper chromatography was carried out by the descending method '* on Whatman No. 1 
filter paper, the following solvent systems being used: (a) ethyl acetate—acetic acid—formic 
acid—water (18: 3:1: 4), (6) butan-l-ol-ethanol—water (40:11:19), (c) butan-l-ol-pyridine— 
water (10:3: 3) (all v/v). The positions of the sugars on the chromatograms were determined 
by spraying with either silver nitrate in acetone, followed by sodium hydroxide in ethanol,*’ or 
with p-anisidine hydrochloride in butan-l-ol.18 The rates of movement of the sugars are 
quoted relative to those of galactose (Rg,)) or xylose (R,y;) on the same chromatogram. Optical 
rotations were determined at 23° + 3° (unless otherwise stated, solution was in water, and the 
figures quoted are equilibrium values). Solvents were removed under reduced pressure. 

Partial Acid Hydrolysis of the Crude Wood.—The sawdust was set aside for 24 hr. in benzene - 
ethanol (2: 1 v/v) at room temperature, then separated, washed with ethanol, and air-dried. 
The extractive-free sawdust (ca. 300 g.) was stirred with N-sulphuric acid (2-5 1.) at 70° (60 hr.). 
The mixture was cooled and filtered, and the filtrate and washings were brought to pH 2 (barium 
hydroxide). The filtered solution was passed through Amberlite resin IR-120, and then through 
a column (40 x 4cm.) of Amberlite resin IR-4B (acetate form). 

11 Whistler and Durso, J]. Amer. Chem. Soc., 1950, 72, 677. 

12 Leech, TAPPI, 1952, 35, 249. 

18 Hamilton, Kircher, and Thompson, J. Amer. Chem. Soc., 1956, 78, 2508. 

' Rebers and Smith, ibid., 1954, 76, 6097. 

15 Smith and Srivastava, ibid., 1956, 78, 1404. 

16 Partridge, Biochem. J., 1948, 42, 238. 

17 Trevelyan, Proctor, and Harrison, Nature, 1950, 166, 444. 

18 Hough, Jones, and Wadman, /., 1950, 1702. 
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The neutral effluent and washings were concentrated (500 ml.}. Chromatography of the 
concentrate indicated the presence of glucose, mannose, galactose, xylose, arabinose, and at 
least three oligosaccharides, the last having R,,) 0-62, 0-51, and 0-44 respectively (solvent a). 
The mixture was adsorbed on a charcoal (Darco G60)-Celite (1:1; w/w) column (50 x 5cm.). 
Elution with water (3 1.) removed monosaccharides only (chromatographic detection). 
Subsequent elution with aqueous ethanol (15% v/v; 3 1.) displaced the oligosaccharides; 
concentration of the effluent yielded a syrup (i) (1 g.). 

The acidic sugars were displaced from the IR-4B resin column with 0-5n-formic acid (2 1.). 
Concentration of the effluent yielded a syrup (ii) (4 g.), chromatography of which indicated the 
presence of galacturonic (and/or glucuronic) acid, 4-O-methylglucuronic acid, and five oligo- 
saccharides, the last having FR, 0-73, 0-40, 0-27, and 0-07 respectively (solvent a). 

Isolation and Identification of 4-O-8-D-Glucopyranosyl-a-D-mannopyranose.—Syrup (i) (100 
mg.) was separated on a paper chromatogram (60 x 50cm.) (solvent 6). The fastest-moving 
component (R,,; 0-62, solvent a) had [a], +6° (c 1-0), and, on chromatograms irrigated with 
solvent a, b, or c, it ran at the same rate as an authentic sample of 4-O-8-p-glucopyranosyl-«-p- 
mannopyranose (supplied by Dr. N. K. Richtmyer). The syrup (10 mg.) was hydrolysed with 
Nn-sulphuric acid (2 ml.) at 100° (12 hr.), neutralised with barium carbonate, filtered, con- 
centrated, and examined on chromatograms (solvents b and c). Glucose and mannose only were 
detected; the spots on the treated chromatograms appeared to be of equal intensity. Whena 
concentrated solution of the sugar in moist methanol was allowed to evaporate slowly in air, 
crystals were formed; they had m. p. 135—138°, undepressed on admixture with the authentic 
glucosidomannose monohydrate, [«], + 18° -+ 15° (12 hr.; c 1-0 in MeOH). 

The crystals (8 mg.) were treated with acetic anhydride (5 ml.) containing anhydrous zinc 
chloride (2% w/w) at 80° (1 hr.). Excess of anhydride was removed by distillation, and 
methanol (5 ml.) was added. Dropwisy sddition of water initiated crystallisation of the octa- 
O-acetyl-glucosidomannose; after recrys.allisation from methanol—water, it had m. p. and 
mixed m. p. 203—204°, [«], +36° (¢ 1-0 in CHCl,). X-Ray powder diffraction patterns of 
the octa-acetate and of an authentic compound were identical. 

The possibility that the glucosidomannose was a reversion product was investigated. <A 
solution of D-glucose (1-0 g.) and p-mannose (0-5 g.) in N-sulphuric acid (10 ml.) was heated at 
70° for 60 hr. The solution was cooled, neutralised with barium carbonate, filtered, con- 
centrated, and placed on a charcoal column. Elution with water removed monosaccharides, 
and aqueous ethanol (10% v/v) eluted the oligosaccharides (80 mg.). Chromatography 
(solvent a) on the same sheet as syrup (i) indicated that the reversion product had three major 
components, having R,,) 0-53, 0-46, and 0-35, which were distinct from those of syrup (i). 

Isolation and Identification of 2-O-(4-O-Methyl-x-p-glucuronosyl)-p-xylose.—Syrup (ii) (4 g.) 
was adsorbed on a charcoal (Darco G60)—Celite (1 : 1, w/w) column (40 x 3.cm.). Elution with 
water until the effluent gave a negative Molisch test removed galacturonic (and/or glucuronic) acid 
and 4-O-methylglucuronic acid (chromatographic detection, solvent a). Subsequent elution was 
by the gradient technique of Bacon and Bell,}® with ethanol—water as the solvent system. The 
major component of the mixture (R,,; 0-73, solvent a) was eluted in the range 2—4% v/v 
ethanol. The effluent (2 1.) was concentrated to a syrup (1-5 g.), [«]) +83° (c, 3-5) [Found : 
OMe, 9:0%; equiv. (by titration), 348. Calc. for C,,.H».0,,: OMe, 9:12%; equiv., 340]. 

The acid (100 mg.) was boiled with n-sulphuric acid (10 ml.) (24 hr.), neutralised with barium 
carbonate, and filtered, and the filtrate examined chromatographically (solvent a). Xylose, 
4-O-methyl-glucuronic acid, and the original disaccharide were detected. The filtrate was 
concentrated, and the residue was separated on a paper chromatogram (60 x 50 cm.) 
(solvent 6). The acidic fragment had [a], + 82° (c, 1-0), ast a: characterised by conversion 
into a-methyl 4-O-methyl-p-glucuronamide,? m. p. and mixec m. p. 235°. The neutral frag- 
ment had [«], + 18°, and was characterised by conversion into D-xylose dibenzylidene dimethyl 
acetal,?° m. p. and mixed m. p. 210°. 

The disaccharide (1-1 g.) was methylated with methyl sulphate and sodium hydroxide, and 
the partly methylated product was isolated as described by Jones and Wise. The acid was 
further methylated with Purdie’s reagents, and the product (800 mg.), [a], +88° (c, 15-0; 
CHCl,) (Found: OMe, 49-8. Calc. for C,,H3,0,,: OMe, 51:2%), was reduced with lithium 
aluminium hydride in ether. The methylated disaccharide was isolated in the usual manner, 


18 Bacon and Bell, J., 1953, 2528. 
20 Breddy and Jones, J., 1945, 738. 
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and re-methylated twice with Purdie’s reagents, to give a product (400 mg.), which had x} 
1-4625, [a], +108° (¢ 1-0 in CHCI],) (Found: OMe, 52-7. Calc. for C,gH 3,0): OMe, 52-99%). 
This product was hydrolysed with aqueous formic acid (20% v/v) at 80° until the optical 
rotation of the solution became constant {[«],) + 86° (c 2-0) (10 hr.)}. The solution was then 
evaporated to dryness; the residue was boiled with water (5 min.) and again evaporated to 
dryness. This latter procedure was repeated twice to ensure hydrolysis of the formyl esters. 
The resulting syrup contained two sugars, which were indistinguishable on paper chrom- 
atography with solvent a, b, or c, from 2:3: 4: 6-tetra-O-methyl-p-glucose and 3: 4-di-O- 
methyl-p-xylose. These sugars were separated on a paper chromatogram (60 x 50 cm.) 
(solvent b), and identified as: (i) 2: 3:4: 6-tetra-O-methyl-p-glucose, m. p. 88—90°, [«|,, 
+ 86° in CHCl, {the derived N-phenylglucosylamine 2 : 3 : 4 : 6-tetra-O-methyl ether had m. p. 
and mixed m. p. 137°, [«]p) +250° in acetone}, and (ii) 3 : 4-di-O-methyl-p-xylose, [«], + 12° in 
MeOH, converted by bromine-water oxidation into 3 : 4-di-O-methyl-p-xylonolactone, m. p. and 
mixed m. p. 64°, [a], —50°-> — 23° (3 days). 

Preparation of Mannose-rich Hemicellulose Fraction (1).—The extractive-free wood (1-4 kg.) 
was delignified by the chlorite procedure of Wise, Murphy, and D’Addieco.® The resulting 
holocellulose was washed well with water, and the excess of water was removed by filtration. 
The residue was then stirred with aqueous potassium hydroxide (24% w/v) containing boric 
acid (4% w/v) (41.) at room temperature (24 hr.) ; the mixture was filtered, and the filtrate and 
washings were treated with Fehling’s solution (ca. 600 ml.), which was added slowly and with 
vigorous stirring, until no further precipitation occurred. The insoluble copper complex was 
collected (centrifuge), and washed by repeated dispersion in water followed by centrifugation 
(6 times). It was finally dispersed by means of a macerator in ice-cold water (1-5 1.), acidified 
with acetic acid, and poured into ethanol (3 1.). The hemicellulosic material was filtered off, 
washed with acetone acidified with hydrochloric acid until copper-free (colourless washings), 
then with ethanol, followed by ether, and air-dried. The yield was ca. 70g. Chromatography 
of a sample hydrolysed by 2N-sulphuric acid at 100° for 24 hr. indicated the presence of glucose, 
mannose, galactose, xylose, and 4-O-methylglucuronic acid. 

Partial Acid Hydrolysis of Hemicellulose Fraction (1)—The hemicellulose (2-00 g.) was 
dissolved in 90% formic acid (50 ml.) and diluted with water to 100 ml. The solution {[a]p 

21°} was heated at 97°, and the change in specific rotation was followed : 
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A further sample (8 g.) was hydrolysed for 4 hr. under similar conditions. The cooled solution 
was concentrated to yield a syrup, then 0-5n-sulphuric acid (250 ml.) was added. The resultant 
solution was heated at 100° for 10 min., cooled, neutralised with barium carbonate, and 
de-ionised on a mixed-bed resin (Amberlite MB3). Chromatography (solvent a) indicated the 
presence of the above monosaccharides and of four oligosaccharides, having Rg, 0-62, 0-48, 
0-41, and 0-14 (hereinafter termed B, C, D, and E respectively). The latter materials, on visual 
examination of the treated chromatogram, were considered to comprise about 30% of the total 
mixture. The hydrolysate (7 g.) was placed on a charcoal (Darco G60)—Celite (1:1 w/w) 
column (30 x 3-5 cm.) and fractionated by stepwise elution 14 with water and with aqueous 
ethanol. The effluent was collected in 500 ml. fractions; each was examined on a chrom- 
atogram, and chromatographically identical fractions were combined and concentrated to 
syrups. The water displaced first the monosaccharides (4-5 g. in 1 1. of effluent), and then 
component (C) (0-48 g. in 121. of effluent). Aqueous ethanol (2% v/v) displaced component (D) 
(0-10 g. in 3 1. of effluent), followed by component (E) (0-25 g. in 3 1. of effluent). Elution with 
aqueous ethanol (5% v/v) displaced component (B) (0-50 g. in 31. of effluent). Where necessary, 
the sugars were further fractionated on paper chromatograms (60 x 50cm.) (solvent b), to give 
pure specimens of each sugar. 

Identification of Component (C).—The syrup (95% pure) had [a], —5° (c 6-7) and was 
indistinguishable on paper chromatograms, run in solvent a, b, or c, from authentic 4-O0--p- 
mannopyranosyl-«-D-mannopyranose [prepared from the mannogalactan of fenugreek seed, 
and characterised by Dr. L. Hough (unpublished results)]. Chromatography of the hydrolysed 
sugar indicated the presence of mannose only. The equivalent weight of the sugar was 182 (by 
iodometric titration). The disaccharide was dissolved in hot moist ethanol and, after cooling, 
the solution was seeded with a crystal of the authentic mannobiose. Tufts of fine needles 
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separated, having m. p. and mixed m. p. 204°, {a}, —5°-> —8° (1-5 hr.; c, 1-8). A-Ray powder 
diffraction patterns of component (C) and of the authentic mannobiose were identical. 

Identification of Component (D).—The pure syrup had [a], +20° (c, 1-0) and was indis- 
tinguishable on paper chromatograms, run in solvent a, b, or c, from authentic 4-O-8-p-manno- 
pyranosyl-«-D-glucopyranose (supplied by Professor Fred Smith +5). Determination of the 
degree of polymerisation by the method of Peat, Whelan, and Roberts?! showed that the sugar 
was a disaccharide. Chromatography of the hydrolysed sugar indicated the presence of glucose 
and mannose only. The spots on the treated chromatogram appeared to be of equal intensity. 
A solution of the disaccharide in moist ethanol yielded crystals when seeded with a crystal of 
the authentic mannosidoglucose; they had m. p. and mixed m. p. 203°, [«], +35°>-+18° 
(+5°) (40 min.; c 0-2). X-Ray powder diffraction patterns of component (D) and of the 
authentic sugar were identical. 

Identification of Component (E).—The pure syrup had [a], —22° (c, 4-4), and indicated 
mannose only on chromatograms after hydrolysis. It was indistinguishable on chrom- 
atograms, run in solvent a, b, or c, from authentic O-8-b-mannopyranosy]l-(1—>4)-O-$-p-manno- 
pyranosyl-(1->4)-«-D-mannopyranose (prepared by Dr. L. Hough). Determination of the 
degree of polymerisation by the method of Peat e# al.21 showed that the sugar was a trisaccharide. 
When a seeded solution of the trisaccharide in ethanol—water was allowed to evaporate in a 
desiccator, flat plates of the mannotriose trihydrate separated, having m. p. and mixed m. p. 
155—165° (decomp.), [a], —22°+-—25° (ca. 3 days; c 2-4). An X-ray powder diffraction 
pattern of the sugar was identical with that of the authentic mannotriose trihydrate. 

A solution of the trisaccharide (20-5 mg.) in water (5 ml.) was added dropwise to a solution 
of potassium borohydride (100 mg.) in water (3 ml.) with stirring. The solution was set aside 
overnight, after which time a portion acidified with acetic acid did not reduce Fehling’s solution. 
The solution was then de-ionised (Amberlite resin MB3), and concentrated to a syrup (20 mg.), 

a]y —30° (c 0-7). [The syrup ran as a single spot on a chromatogram (silver nitrate spray).] 
The syrup (10 mg.) was acetylated with acetic anhydride and zinc chloride as described above, 
and the crystalline product was recrystallised from methanol—water, to yield the dodeca-O- 
acetylmannotriitol (20 mg.), m. p. 112°, [a], —20° + 5° (c 1-0 in CHCl,). These figures are in 
close agreement with those reported by Whistler and Smith for this compound.”? 

Identification of Component (B).—The syrup crystallised on being seeded with 4-O-8-p-gluco- 
pyranosyl-«-D-mannopyranose monohydrate. After recrystallisation from ethanol—water, the 
sugar had m. p. 136—138°, undepressed on admixture with authentic glucosidomannose mono- 
hydrate, [«], +18°+-+ 15° (c 1-0 in MeOH). 

Control Experiment.—A solution of D-mannose (0-3 g.), D-glucose (0-1 g.), and pD-galactose 
(0-05 g.) in aqueous (50% v/v) formic acid (20 ml.) was heated at 100° for 4 hr. The solution 
was evaporated to dryness; 0-5Nn-sulphuric acid (10 ml.) was added, and the solution was heated 
at 100° for 10 min. It was then neutralised with barium carbonate, filtered, and concentrated 
to a syrup. Chromatography of the syrup (solvent a) showed the presence of traces of oligo- 
saccharides only. Since the oligosaccharides in the partial hydrolysate of fraction (I) were 
present in substantial amounts, this result is taken as strong evidence that they were not 
reversion products. <A detailed study of the acid reversion of D-mannose is now in progress. 
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135. Complex Fluorides. Part VIII.! The Preparation and Proper- 
ties of Salts of the Triphenylmethyl Cation: The Infrared Spectrum 
and Configuration of the Ion. 

By D. W. A. SHARP and N. SHEPPARD. 

Salts of the triphenylmethyl cation with anions of the complex fluoro- 
acids can be prepared by the ionic reaction between chlorotriphenylmethane 
and the appropriate silver salt in organic solvents. Some properties of 
these salts are discussed. The infrared spectra of the complexes provide 
direct evidence for the ionic nature of the salts in most cases. The detailed 
spectra have been considered in relation to likely configurations for the 
cation, namely the all-planar (D,,), the propeller-like (D,), and an un- 
symmetrical structure. The infrared spectra favour the D, configuration 
in the crystalline state. 


IN previous papers? it has been shown that the hypothetical complex fluoro-acids of 
formula HMF, and HMF, form a series of very strong acids, whose salts are completely 
ionised in the solid state. In view of their well-characterised properties, the anions corre- 
sponding to these acids provide an ideal series for the study of properties of salts, and are 
now applied to the salts of the triphenylmethy] cation. 

Silver fluoroborate is soluble in ether ;? the following salts are also soluble in this solvent : 
silver hexafluoro-phosphate, -arsenate, -antimonate, -niobate, and -tantalate, and fluoro- 
sulphonate. The interaction of these ethereal solutions with chlorotriphenylmethane in 
ether gives a yellow precipitate containing equivalent proportions of the triphenylmethyl 
salt and silver chloride. Ether is preferable to toluene as a solvent as the silver salts are 
far more soluble, and the triphenylmethyl salts comparatively insoluble, in ether, and 
aromatic hydrocarbons form fairly stable complexes with the silver salts so that excess of 
hydrocarbon is difficult to remove. Using this method, we have now prepared triphenyl- 
methyl fluoroborate, hexafluoro-phosphate, -arsenate, -antimonate, -niobate, and -tanta- 
late, and fluorosulphonate. In addition the new covalent compound, triphenylmethyl 
trifluoroacetate, has been prepared. The method is an extension of that employed by 
Mackenzie and Winter * to prepare acetyl perchlorate solutions and by Burton and Praill ¢ 
for the preparation of acetyl and benzoyl perchlorates from acetyl and benzoyl chlorides 
and silver perchlorate in nitromethane. Schmeisser 5 prepared some solid perchlorates 
by this method but it is believed that this is the first time that carbonium salts have been 
thus prepared. 

Solid salts which have been supposed to contain the triphenylmethyl cation have long 
been known. Chlorotriphenylmethane forms addition compounds with many acidic or in- 
organic acid chlorides (for references see Schmidlin °), classifiable as complex chlorides, 1.e., 
triphenylmethy] salts of the appropriate complex chloro-acids; in the present work it has 
been shown that these salts contain the triphenylmethyl cation. Triphenylmethyl 
perchlorate has previously been prepared? as a yellow crystalline solid, and has a high 
conductivity in liquid sulphur dioxide.* Triphenylmethyl fluoroborate has earlier been 
prepared from chlorotriphenylmethane and acetyl fluoroborate in acetic anhydride,’ 
or by addition of boron trifluoride to fluorotriphenylmethane ; ?° it is dissociated in nitro- 
benzene solution.?° 

1 Parts VI and VII, Sharp and Sharpe, J., 1956, 1855, 1858. 

Sharpe, /., 1952, 4538. 

Mackenzie and Winter, Trans. Faraday Soc., 1948, 44, 171. 
Burton and Praill, /., 1950, 2034. 

> Schmeisser, Angew. Chem., 1955, 67, 493. 

Schmidlin, ‘‘ Das Triphenylmethyl,” Enke, Stuttgart, 1914, p. 111 
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It must be assumed that, since the solid silver salts are ionised,! ion-pairs exist in 
ethereal solution. In view of the rapidity of the precipitation (apparently instantaneous) 
of the mixture of triphenylmethyl salt and silver chloride, it is probable that chloro- 
triphenylmethane is appreciably dissociated also in polar solvents. Bentley, Evans, and 
Halpern 11 showed that chlorotriphenylmethane exists, to a proportion of 0-032%, a 
ion-pairs in nitromethane; however, they measured the concentration of carbonium ions 
spectrophotometrically by comparison with a solution of triphenylmethanol in concen- 
trated sulphuric acid, this being used as a standard solution containing only carbonium 
ions. This method neglects the possibility of effects on the absorption due to solvation 
by the nitromethane, which is a more ready electron donor than sulphuric acid. It was 
further observed that chloride-ion exchange in such a solution was very fast, a result 
recently confirmed by bromide-ion exchange in solutions of bromotriphenylmethane 
in acetone.1* The importance of solvation in the splitting of a link, R,C:-X == 
R,C* + :X~, has been discussed by many authors. Gelles, Hughes, and Ingold “ have 
shown the high reactivity of chlorotriphenylmethane in the presence of nucleophilic 
reagents which solvate the cation. Even such a weak donor as benzene can solvate the 
triphenylmethyl ion; }* that the present reactions can be carried out by using benzene or 
toluene as solvent, the precipitation again being instantaneous, supports this. 

Triphenylmethyl salts are very soluble in such nucleophilic solvents as acetone and 
acetonitrile, giving yellow solutions at room temperature. The salts have been reported 
to be insoluble in ether but in fact triphenylmethy] fluoroborate is slightly soluble in this 
solvent to give a colourless solution, the yellow ion presumably being solvated by the ether. 
On evaporation of the solution yellow triphenylmethyl fluoroborate is deposited. Fair- 
brother }® reports that a mixture of arsenic tribromide and bromotriphenylmethane in 
benzene gives a colourless solution, yet, on removal of the solvent, an orange compound 
is deposited. This evidence for the ready solvation of the triphenylmethyl cation may 
again explain the comparatively low apparent ionisation of certain of the salts when 
measured spectroscopically.1® Yellow solutions of triphenylmethyl fluoroborate in 
acetonitrile or acetone-chloroethylene when cooled nearly to freezing become colourless. 
This can be explained by the more complete formation of the triphenylmethyl-solvent 
complex at low temperatures. Further work is necessary on these solutions, which we 
hope to report later. 

The pure salts decompose on melting and, if dissolved in acetone—chloroethylene, 
the salts of the heavier anions tend to be precipitated as oils when pentane is added, as 
does fluorotriphenylmethane when treated with aluminium chloride; ?7 the composition 
of such oils is unknown. The salts are stable in dry air, darkening slightly when kept. 
In moist air they decompose rapidly to the methanol. 

The complex fluoro-acids are ideal for the study of purely ionic salts since any 
covalent-bond formation between anion and cation will result in gross distortion of the 
fluoro-anion, which is readily detected by infrared spectroscopy through a splitting of 
absorption bands as the high symmetry of the anion is destroyed. In the present 
series all the salts of the complex fluoro-acids have absorption peaks characteristic of the 
undistorted fluoro-anions where these occur in the region investigated, viz., 4000—650 
cm.~! (see p. 681 where the observed frequencies are compared with those found in the 
spectra of simple alkali and silver salts1). In addition to the few strong bands due to the 
anions a much more complex pattern of absorption bands is observed owing to the tri- 
phenylmethyl cations (see Figure). The fact that these spectra are almost identical in 

11 Bentley, Evans, and Halpern, Trans. Faraday Soc., 1951, 47, 711. 

12 Anderson, J. Amer. Chem. Soc., 1935, 57, 1673. 

18 de la Mare and Hughes, /., 1956, 845. 

14 Gelles, Hughes, and Ingold, J., 1954, 2918. 

18 Swain and Kreevoy, — — Chem. Soc., 1955, '77, 1122. 


16 FRairbrother, J., 1945, 50 
? Blicke, J. Amer. Chem. Ser.. 1924, 46, 1515. 
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each case confirms the evidence from the anion spectra that complete ionisation has 
occurred. Furthermore the general pattern of absorption bands due to the cation can 
readily be distinguished from that obtained from molecules in which the triphenylmethyl 
group is tetrahedral, ¢.g., triphenylmethane (see Figure), chlorotriphenylmethane, etc. 

The addition compounds Ph,C-Cl,SnCl, and Ph,C-Cl,SbCl; have also been prepared ; 
as they also show the characteristic infrared spectrum of the triphenylmethy] cation they 
may now definitely be formulated as the ionic complex chlorides PhgC*,SnCl;~ and 
Ph,C*,SbCl,-. The apparently unusual co-ordination of tin in the former compound is 
known in other complexes, e.g., phosphorus pentachloride-stannic chloride.1® 

With oxy-salts co-ordination may occur between the oxygen atom of the anion and the 


Infrared spectra of the triphenylmethyl cation, triphenylboron, and related molecules, 
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cation to give partial covalent character to the salt. Two compounds of this type have 
been studied. The infrared spectrum of triphenylmethy] fluorosulphonate is completely 
characteristic of an ionic salt, but that of the trifluoroacetate shows it to be more accurately 
described as covalent. Thus the C=O frequency occurs at 1785 cm."!, identical with 
the value reported by Haszeldine )° for trifluoroacetic esters, and differs very considerably 
from the corresponding frequency (1695 cm.) found in the spectra of ionic salts.’ 
Furthermore the pattern of absorption bands due to the aromatic portion of the complex 
is much nearer that characteristic of a tetrahedral triphenylmethyl group than to that 
characteristic of the carbonium ion. Only the considerable strength of the band at 1365 
cm.~} suggests some degree of ionic character (see following section). 

The Infrared Spectrum and Structure of the Triphenylmethyl Cation.—The Figure 
illustrates the typical infrared spectrum of the triphenylmethyl cation as obtained from 


18 Payne and Groeneveld, Proc. Symposium on Co-ordination Chemistry, Copenhagen, 1953, p. 146. 
18 Haszeldine, Nature, 1951, 168, 1028. 
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the crystalline salts with TaF,~ and SnCl;~ anions. The spectra of toluene, triphenyl- 
methane, and triphenylboron are shown for comparison. The frequency range illustrated 
is from 1700 to 650 cm.-! as the absorption bands in this region are likely to be sensitive 
to the configuration of the cation. The anions chosen do not absorb in this region. 

It is generally considered that the carbonium ion is stabilised by resonance between 
canonical forms in which the positive charge is located either on the central carbon atom 
or alternatively on the ortho and the para carbon atoms in the benzene rings.” As in the 
triphenylmethyl radical,” *? this type of resonance stabilisation is expected to be greatest 
for an all-planar configuration of the ion (symmetry class Dz,). However, as Lewis, 
Magel, and Lipkin have pointed out,?° such a configuration would give rise to great steric 
hindrance between the ortho hydrogen atoms of adjacent benzene rings. It is therefore 
much more probable that the structure is distorted out of the plane by rotation of one or 
more benzene rings about the central bonds, which would relieve the steric strains but 
would not necessarily greatly inhibit conjugation between the separate benzene rings, the 
valence bonds to the central carbon atom remaining co-planar. The relative insensitivity 
of the ultraviolet spectrum of this type of ion to the presence of bulky ortho-substituents 
on the benzene rings “ also supports the idea that the triphenylmethyl cation itself is 
non-planar. 

The most symmetrical structure of this type is propeller-like in shape with symmetry 
D,; in this, each benzene ring is rotated’ from the coplanar position in the same sense 
about a central C-C bond so as to relieve the steric strain. Lewis and his colleagues ** 
have very successfully explained the existence of isomers of the cation of crystal-violet 
[4 : 4’ : 4’-tri(dimethylamino)triphenylmethyl chloride] in terms of this structure and a 
variant in which one benzene ring is rotated out of the original plane in the opposite 
direction to the others. The second isomeric configuration has no symmetry elements. 

In more recent studies of the ultraviolet spectra of the triphenylmethyl cation and 
related ions Newman and Deno,™ Deno, Jaruzelski, and Schriesheim,”® and Branch and 
Walba *¢ all prefer unsymmetrical configurations of the parent ion. Deno and his co- 
workers conclude from the close similarity between the ultraviolet spectra of the ions 
R,C*, R,CH*, and R,CMe* (R = #-chlorophenyl), and other observations, that the con- 
jugation in the triphenylmethyl ion extends across only one or two of the benzene rings. 
They appear to have in mind a structure in which the plane of at least one benzene ring 
makes a large angle with the planes of the other two, #.e., a rather more distorted form of 
the second configuration proposed by Lewis ef al. On the other hand, from ultraviolet 
spectra of the triphenylmethyl cation and related compounds, Chu and Weissman 2? 
prefer a structure with a 3-fold axis which is closely related to the D, propeller-like con- 
figuration. They?’ consider the spectra of the triphenylmethyl free radical and assign 
to it a structure of symmetry C, corresponding to a slight non-coplanarity of the central 
C-C bonds as indicated by paramagnetic-resonance studies.28 They also interpret the 
spectrum of the carbonium ion in terms of C,; symmetry by analogy, but, quite apart from 
the smallness of the non-planarity assumed for the free radical, i.e., the slightness of the 
deviation from D, symmetry, it is not certain that the same effect should occur with the ion. 
As Ct is isoelectronic with boron there are stronger reasons for expecting that the 
“sextet ’’ of bonding electrons, in the sense used by Sidgwick,”® should lead to coplanar 
C*-C or B-C valencies. 

Wheland, ‘‘ Resonance in Organic Chemistry,’’ Wiley, New York, 1955, p. 364. 
21 Pauling and Wheland, J. Chem. Phys., 1933, 1, 362. 

22 Dewar, Proc. Camb. Phil. Soc., 1949, 45, 638. 

23 Lewis, Magel, and Lipkin, J. Amer. Chem. Soc., 1942, 64, 1774. 

24 Newman and Deno, zbid., 1951, 78, 3644. 

25 Deno, Jaruzelski, and Schriesheim, J. Org. Chem., 1954, 19, 155. 

26 Branch and Walba, J. Amer. Chem. Soc., 1954, 76, 1564. 

27 Chu and Weissman, J]. Chem. Phys., 1954, 22, 21. 


Weissman and Sowden, J]. Amer. Chem. Soc., 1953, 75, 503; also personal communication. 
29 Sidgwick, ‘“‘ Chemical Elements and their Compounds,” Oxford Univ. Press, 1950, 543. 
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Infrared spectroscopy provides in principle another means of distinguishing between 
the D3), Ds, and unsymmetrical configurations of the ion as discussed above. Karagounis - 
has considered the analogous problem of the determination of the configuration of 
the triphenylmethyl free radical, and has listed the number of vibration frequencies 
allowed in the infrared spectra for various assumed symmetries of the nuclear 
framework. The majority of vibration frequencies of the ion correspond to coupled 
vibrations of the three benzene rings. For each vibration of a single monosubstituted 
benzene ring, an ion with a 3-fold symmetry axis (D3, or D3) would have two 
different frequencies (one consisting of a doubly degenerate pair) whereas an unsym- 
metrical ion would have three different frequencies. In the latter case all three frequencies 
will be infrared active, in the case of D, symmetry both frequencies will be active for some 
vibrations, but for Dg, symmetry in every case only one will be allowed in the infrared 
spectrum. The more detailed relation between the symmetry species for the vibrations 
of a monosubstituted benzene ring, and the analogous coupled vibrations of the ion 
under D3; and D, symmetries are summarised below. 


Ph,C Single monosubstituted Ph,C* 
D; benzene ring 3h 
(propeller) Cy. (all planar) 

A, - . : Ay’ 

on =A, (i.r.)— 
E (ir.)————"_ ——=— rs.) 
A, hall 4 — A,” 
So —E eS 
E (i.x.) a 
hi, 6. eS. 
ae. 623 
| | | ie” (.z.) 
A, (i.r.)——~ : ___ ig” fiz.) 
a — — B, 6.2) 

LoL = 


(i.r.) denotes infrared activity. 


It might be inferred from the above that the three likely configurations of the ion 
could be distinguished by a simple assessment of the total number of absorption bands 
in the infrared spectrum; on this basis Karagounis has assigned the symmetry Dy, to the 
free radical.2® However, we do not consider this method reliable as the number of bands 
observed in a complex spectrum such as this may be much less than the number predicted 
theoretically for several reasons. Thus, the couplings between the vibrational motions 
of the separate benzene rings may be so weak that separate absorption bands corresponding 
to a number of frequencies of the ion are not resolved. Furthermore, since many of the 
allowed frequencies in the spectrum of a typical monosubstituted benzene such as toluene 
are weak, the analogous ones of the ion may not be observed. Such factors are liable 
to give an artificially simple spectrum and this is well exemplified by comparison of the 
spectra of toluene and triphenylmethane (see Figure). The three benzene rings of the 
latter molecule are disposed at three corners of a tetrahedron with the “‘ methane ”’ carbon 
atom in the centre. Whatever their relative orientations about the C-C single bonds, 
more than twice the number of frequencies are allowed in the spectrum as in that of toluene, 
and yet the overall complexity of the observed spectrum is not notably greater than that 
of the smaller molecule. 

A more reliable procedure for deducing the symmetry of the ion from its infrared 
spectrum is to take into account the number of components into which well-defined 
absorption bands of a single aromatic ring split in the spectrum of the ion. Inthe spectrum 
of toluene the strongest bands in the region illustrated are those at 1605, 1497, 728, and 


8° Karagounis, Helv. Chim. Acta, 1951, 34, 904. 
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694 cm.-!; of these only the third is clearly split into components in the spectrum of the 
ion. A very similar pattern is observed in the spectrum of triphenylboron. The band 
at 728 cm.} in the spectrum of toluene is well known to correspond to the vibration in 
which all five aromatic C-H bonds bend out of the plane of the benzene ring in unison 
(symmetry class B,), and this frequency is rather sensitive to structural changes. In the 
spectrum of the triphenylmethyl cation this band is replaced by two well-separated com- 
ponents near 810 and 770 cm.“! (774 and 747 cm.~! for triphenylboron) ; the lower-frequency 
band is further split into a close-lying doublet separated by 5 cm.“} in some but not all of 
the spectra of the ion (see Figure). A third neighbouring band near 840 cm.“!, although 
often of considerable intensity, is clearly to be assigned to another type of vibration as 
it shifts in the opposite direction on passing from the triphenylmethy] cation to triphenyl- 
boron (see Figure and p. 680). 

The main splitting of 38 cm.-! is undoubtedly caused by interaction of the benzene 
rings within the cation, and as there are commonly only two components it may be con- 
cluded that the ionic symmetry is D, (see earlier discussion). The Dg, structure would 
have only one infrared active band and is definitely excluded, while the unsymmetrical 
configuration might have been expected to give three. In the spectra of crystals further 
band splittings may occur either through interaction of separate ions or molecules in the 
unit cell or because a vibration which is degenerate for a free ion may be slightly split 
owing to unsymmetrical surroundings in the crystal, 7.e., the ion may be located on a lattice 
site of lower symmetry than itself. As either of these causes depend on interionic rather 
than valence-type forces they usually give rise to splittings of only a few cm.“! in magnitude 
in the spectra of aromatic compounds.*! The subsidiary splitting of the band near 772 
cm." is probably due to one or other of these causes; the split-degeneracy explanation 
seems the more likely as the twe components are of similar intensity. It is very unlikely 
that this splitting is caused by a lower ionic symmetry than D, as it should then have been 
observed in all the spectra. 

A number of other qualitative features of the observed spectrum can also readily be 
accounted for in terms of D, symmetry for the ion with resonance interaction between the 
central carbon atom and the three benzene rings : 

(1) The spectrum of triphenylmethane, with its pyramidal configuration of the aromatic 
groups, has a very similar overall appearance to that of toluene. The.spectra of triphenyl- 
methyl ion and triphenylboron are also closely similar to each other but considerably 
different from those of the other two molecules, the analogies and differences being 
particularly marked in the region 1100—900 cm.+. They point to a considerable change 
of configuration from triphenylmethane to the triphenylmethyl cation such as from a 
pyramidal to a planar configuration of the valency bonds about the central carbon atom. 
It would be very surprising if the B-C bonds were not coplanar with trigonal symmetry, 
and there can be no doubt from the spectral similarities that the boron compound and the 
cation have the same configuration. 

(2) In the spectra of the cation, absorption bands near 1580, 1360, and 1300 cm.-? are 
all much stronger than, and considerably shifted from, the corresponding bands 
of triphenylmethane or toluene. The first and last bands are also strong in the triphenyl- 
boron spectrum. As absorption bands occurring in this region of the spectra of mono- 
substituted benzenes are mostly caused by skeletal stretching vibrations of the benzene 
rings ** the enhanced intensity means that this type of vibration of the ion gives rise to 
much greater dipole changes than for triphenylmethane. This is readily explicable if 
the changes in ring shape during the vibrations cause the net positive charge on the ion 
to move from one type of location to another across the ring system. 

(3) The mean value of the two out-of-plane CH frequencies of the ion discussed above 

31 Pimentel and McClellan, J. Chem. Phys., 1952, 20, 270. 


82 Randle and Whiffen, ‘“‘ Molecular Spectroscopy,” Institute of Petroleum, London, 1955, p. 111; 
Whiffen, J., 1956, 1350. 
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is ca. 790 cm.~!, as compared with the value of 728 cm." for toluene. It is well known ** 
that electrophilic substituents such as nitro-groups and carboxylic acid or ester groupings 
cause well marked increases in this type of frequency. The observed value of the bands 
in the spectrum of the ion is therefore consistent with an interaction of the x electron 
system of the benzene rings with the formally vacant # orbital of the central carbon atom. 
The lower charge on the nucleus of boron than of carbon should lead to a less pronounced 
electron withdrawal in the former case; in agreement with this the mean frequency of the 
main bands in triphenylboron is only 760 cm.-!. 

It is important to note that both of the out-of-plane CH frequencies in the spectrum 
of the cation are at much higher frequencies than the single band in toluene. This implies 
that all benzene rings are participating in the resonance. Had one of these not been 
concerned, as visualised by some supporters of the unsymmetrical structure for the ion, 
then at least one band would have been expected in the vicinity of 730 cm."}. 

(4) The bands near 1190 and 845 cm.~! in the spectrum of the ion move to 1240 cm.! 
and 885 cm.~! in that of triphenylboron. These undoubtedly correspond to two of the 
well-known X-sensitive vibrations of mono-substituted benzene rings of formula PhX.**: 3° 
They correspond to coupled C-X and aromatic-ring bond stretching vibrations. In simpler 
single-ring compounds the higher frequency increases with decreasing electronegativity 
of X,°5 and the observed frequency shift is therefore in the expected direction. 


It may be concluded that the evidence from the infrared spectra is strongly in favour 
of the D, propeller-like structure for the triphenylmethyl cation in the crystalline state. 
It is very probable that at least a considerable fraction of the ions in solution in non- 
solvating solvents have this shape also, although some of them may adopt the 
unsymmetrical configuration under these conditions.” 


EXPERIMENTAL 


All operations with triphenylmethy] salts were conducted with rigid “‘ dry-box ’’ techniques. 
Filtrations were made through sintered-glass funnels with use of a hand pressure bulb. Ether 
was distilled over sodium and kept in the ‘‘ dry-box’”’ before use, acetone was stored over 
calcium chloride and distilled before use. m-Pentane was stored over sodium. Commercial 
chlorotriphenylmethane and triphenylboron were used as supplied; after a sample had been 
opened it was kept, as far as possible, in the ‘‘ dry-box ’’ over phosphoric oxide. 

Silver salts were prepared as previously described.! Silver trifluoroacetate was prepared 
from sodium trifluoroacetate and silver nitrate ** and stored over phosphoric oxide for two 
months before use. 

Triphenylmethyl fluoroborate was precipitated from ethereal solutions of silver fluoro- 
borate and chlorotriphenylmethane, and dissolved in acetone-chloroethylene, the solution was 
filtered to remove silver chloride, and treated with pentane, to precipitate the salt- which was 
collected and washed successively with ether and pentane. It had m. p. 202° (decomp.) 
(Found: C, 69-4. Calc. for Ph,C,BF,: C, 69-1%). The equivalent weight was determined 
by adding excess of silver fluoroborate solution to a weighed amount of chlorotriphenylmethane 
inether. Silver chloride was dissolved in aqueous ammonia, filtered free from organic material, 
and precipitated with nitric acid (Found: equiv. of silver chloride precipitated per equiv. of 
chlorotriphenylmethane, 1-01). A further sample of triphenylmethy] fluoroborate was prepared 
by Witschonke and Kraus’s method !° and had an infrared absorption spectrum identical with 
that of a sample prepared by precipitation. Other triphenylmethyl salts tended to give oils 
when purification was attempted by the above method. Purification could be effected by 
dissolving in acetonitrile and evaporating off excess of solvent but, since the equivalent weights 
were satisfactory and the infrared absorption spectra of the mixtures of the salt and silver 


%3 Bellamy, J., 1955, 2818. 

** Kross, Fassel, and Margoshes, J. Amer. Chem. Soc., 1956, 78, 1332. 
35 Kross and Fassel, ibid., 1955, 77, 5858. 

36 Haszeldine, J., 1951, 584. 
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chloride showed the presence of the required ions, this was not generally attempted. Micro- 
analysis of the complex fluorides is very difficult, the free fluoride tending to pass through 
any catalyst. 

Other triphenylmethyl salts were therefore characterised as follows (all equivs. as AgCl 
precipitated per equiv. of chlorotriphenylmethane) : hexafluorophosphate, m. p. 115° (decomp.) 
(equiv., 0-99); hexafluoroarsenate (equiv., 0-99) ; hexafluoroantimonate (equiv., 0-99) ; hexafluoro- 
niobate (equiv., 1-00); hexafluorotantalate (equiv., 0-98); fluorosulphonate (equiv., 0-98); 
trifluoroacetate purified as for the fluoroborate, m. p. 106° (decomp.) (Found: C, 71-1; H, 4-4. 
Ph,C,C,O,F, requires C, 70-8; H, 4:2%). 

Triphenylmethy]l chlorostannate was prepared by condensing excess of stannic chloride on 
a benzene solution of chlorotriphenylmethane !* and removing excess of reactants and solvent 
in vacuo (Found: Cl, 32-9. Cale. for Ph,C,SnCl,: Cl, 32-9%). Triphenylmethyl chloro- 
antimonate was prepared similarly, excess of antimony pentachloride being removed by 
washing with ether and pentane (Found: Cl, 33-8. Calc. for Ph,C,SbCl,: Cl, 32-8%). On 
exposure to moist air tripherylmethyl fluoroborate decomposed to the methanol (Found: C, 
87-3; H, 6-5. Calc. for Ph,C-OH: C, 87-6; H, 6-2%). Solubilities of triphenylmethy] salts 
were tested with dried solvents. 

Infrared spectra were measured in suspension in Nujol and hexachlorobutadiene mulls 
(prepared and kept in the ‘“‘ dry-box’’) on a Perkin-Elmer Model 21 spectrometer with rock-salt 
optics. Mulls of triphenylboron were prepared, in the “ dry-box,’’ under nitrogen. 

Infrared Peaks Characteristic of Anions.—The following infrared peaks (cm.~') occur in 
addition to the characteristic spectrum of the triphenylmethyl ion. Positions are approximate 
as the ions tend to give broad peaks, which when superimposed on the background spectrum 
are difficult to locate exactly. Ph,C*BF,~; 1050, 1097 (cf. KBF,; 1032, 1058 87) : Ph,C*PF,- ; 
850 (cf. KPF,; 845,1): Ph,C*tAsF,-; 700 (cf. RbAsF,; 7001+): Ph,CtSO,F-; 710m, 1070s, 
1289m, 1336w, 1643w, 2320w (cf. KSO,F; 732s, 972vw, 1073s, 1277s, 1299s, 1656w, 
2347w). ‘ 

Infrared Spectra.—Detailed infrared spectra recorded are given below. These figures are 
representative of those obtained for various compounds containing the triphenylmethy] cation, 
ail other salts studied giving almost identical spectra. Data for triphenylmethane and toluene 
are given for comparison only. All figures are in cm.“!, and letters have their usual significance. 

Ph,C*BF,- : 66lw, 703s, 770s, 81ls, 850w, 918w, 952w, 985w, 1000w, 1040m, 1058s, 
1097s, 1172w, 1195w, 1299s, 1313w, 1364m, 1454s, 1490s, 1565w,sh, 1587s, 2850w, 2910w, 
3080w. 

Ph,C*TaF,~ : 704s, 770s, 775m, 810m, 840m, 850m, 920w, 940w, 976w, 985w, 1000m, 1032w, 
1164m, sh, 1172m, 1190s, 1297s, 1359s, 1415w, sh, 1452s, 1485s, 1560m, sh, 1583s, 1620w, 1635w, 
2860w, 2950w. 

Ph,C*SnCl,- : 646w, 702s, 770m, 807m, 842m, 91l5w, 955w,sh, 980w, 997m, 1025w, 
1046w, 1100w, 1166w, 1185m, 1293s, 1355s, 1406w, sh, 1448s, 1480s, 1577s, 1649m,* 2920w, 
3040w, 3330m.* 

Ph,C*SbCl,~ : 648w, 702s, 773s, 810m, 842m, 916w, 980w, 997m, 1022w, 1166w, 1186m, 
1296s, 1359s, 1410w, 1451s, 1483s, 1582s, 2950m. 

Ph,C*O,C°CF, : 620m, 704s, 744w, sh, 760s, sh, 769s, 844m, 890w, 907w, 923w, 935w, 960m, 
1007w, 1035w, 1088w, 1150s, sh, 1159s, sh, 1166s, 1192w, sh, 1227s, 133lw, 1365s, 1450s,1495m, 
1785s, 3040w, 3450w. 

Ph,B: 697s, 742m, 749m, 774m, 885s, 900w, 938m, 976w, 990w, 1000m, 1032m, 1075w, 
1158w, sh, 1189w,sh, 1240s, 1263w, 1280s, 1315s, 1350m, 1430s, 1492w, 1565w, sh, 1588s, 
1600w, sh, 3050w. 

Ph,CH : 660m, 700s, 735s, 760s, 822w, 853w, 860w, 920m, 975w, 1005w, 1034m, 
1080m, 1155w, 1179w, 1248w, 1278w, 1296w, 1315w, 1336w, 1390w, 1445s, 1452s, 1494s, 
1595s. 

Ph-CH, °*: (650—1650cm."!) 694s, 728s, 786m, 844m, 872w, 896m, 930w, 966w, 982w, 
1003w, 1030s, 1042m, 1081s, 1107w, 1156m, 1179m, 12llw, 1250w, 1282w, 13l4w, 1333w, 
1379s, 1460s, 1497s, 1527w, sh, 1575w, 1605w. 


* These peaks are attributed to traces of moisture. 

37 Coté and Thompson, Proc. Roy. Soc., 1951, A, 210, 217. 

38 American Petroleum Institute, Infra-red spectrogram No. 308, submitted by U.S. Naval 
Research Lab., Washington, D.C. 
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136. Purine Studies. Part I1I.* The Structure of the Monohydroxy- 
and Monomercapto-purines : Some Thiazolo[5 : 4-d|pyrimidines. 


By D. J. Brown and S. F. Mason. 


Infrared and ultraviolet spectra, compared with those of the various O- 
and N-methy] derivatives, indicate that monohydroxypurines have a~CO-NH- 
structure, e.g., (III; R =H). The structures of the momomercaptopurines 
are discussed. In the preparation of several 6-mercaptopurine derivatives, 
thiazolo[5 : 4-d]pyrimidines have been isolated. Under alkaline conditions 
the 7-amino-derivative is converted into 6-mercaptopurine. 


For the monohydroxypurines a number of alternative tautomeric forms are possible. 
Each isomer may exist in one or more of four different hydroxy-forms, and there are five 
different amide forms for the 2-isomer, four for the 6-isomer, and three for the 8-isomer. 
The identification of the particular tautomer predominant in each case was attempted by 
the comparison of the infrared and ultraviolet spectra of a given monohydroxypurine 
with those of its methylated derivatives having fixed structures, or structures in which 
the possibility of tautomerism is reduced. The ultraviolet spectra of the purines are rather 
simple, consisting, in general, of one or two symmetrical bands in the region 220—350 mu. 
For this reason ultraviolet provided less information than infrared spectroscopy 
concerning the tautomerism of the hydroxypurines, unlike the closely related cases of the 
hydroxy-pyrimidines and -pteridines ? where the infrared and the ultraviolet evidence 
proved to be complementary. 6-Hydroxy-, 6-methoxy-, and 1 : 6-dihydro-1l : 7-dimethyl- 
6-oxo-purine, for example, possess closely similar ultraviolet spectra (Table 1), even 
though the last two compounds have fixed, and different, conjugated structures (I; 
lil; R = R’ = Me). 

The infrared spectra indicate that the hydroxypurines exist largely in amide forms 
in the solid state. 2- and 6-Hydroxypurine both show a strong band near to 1670 cm."!, 
due to a C:0 stretching vibration, and the 8-isomer has a similar band at 1740 cm.-!. 
No OH band was observed, though the examination of solid specimens does not permit 
bands due to OH groups to be readily distinguished from those due to NH groups. By 
using solutions, such a distinction can be made, and it was found that the available 7- and 
9-methyl derivatives of the hydroxypurines, which may all exist in the hydroxy-form, 
gave no OH band in chloroform. Thus it is probable that the hydroxypurines them- 
selves do not exist to any appreciable extent in the hydroxy-form (e.g., I; R =H). 
Several alternative amide forms are possible for each monohydroxypurine, and the 
particular form adopted may be identified in the cases of the 6- and the 8-isomer. 

It has been found ® that, in chloroform or carbon tetrachloride solution, cyclic conjug- 
ated amides with ortho-quinonoid structures show a band in the infrared due to the N-H 
stretching vibration in the range 3360—3415 cm., whilst for their fara-quinonoid 
isomers and for their analogues with five-membered rings this band is in the range 
3415—3470 cm.-1. The position of the band due to the C:O stretching vibration in such 
compounds is sensitive to the structural type as well, though it is dependent also upon 


Part II, J., 1954, 2071. 


. 
1 Brown, Hoerger, and Mason, J., 1955, 211. 
2? Brown and Mason, J., 1956, 3443. 

* Mason, unpublished results 
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TABLE 1. Ultraviolet spectra. (Italics denote shoulders or inflexions.) 
Purine Basic Acidic Species 
derivative pk,° pk,? pli charge Amax. (np) log Emax. 
Unsubst.* 2-39 ° 8-93 ¢ 0-28 <220; 260 >4-09; 3-79 
5-70 0 <220; 263 >3-48; 3-90 
11-00 — 219; 271 3-92; 3-88 
2-Hydroxy- ¢ 1-69 °¢ 8-43° —0-75° + 264; 322 3°67; 3-81 
11-90 6-05 0 238; 315 3-46; 3-69 
10-15 271; 313 3-68; 3-68 
13-00 Mainly 219: 265; 312 4-29; 3-60; 3-83 
2-Methoxy- * 2-44°¢ 9-2 ¢ 0 284 3-83 
6-0 0 246; 283 3-41; 3-91 
11-4 ~— 283 3-88 
2-Hydroxy-9-methyl <1-5 9-19 —2-5¢ +? 246; 317 3-29; 3-61 
+0-01 6-5 0 218; 246; 259; 4-48; 3-41; 3-38; 
316 3-68 
11-2 — 240; 308 3-65; 3-91 
6-Hydroxy- * 1-98 ¢ 894° —0-75° + 248 4-02 
12-10 5-18 0 249 4-02 
10°35 - 258 4-05 
13-0 Mainly = 262 4-04 
6-Methoxy- ¢ 2-21 9-16 ¢ 0-2 + 254 4-01 
5-6 0 253 3-99 
11-3 - 261 3°99 
6-Hydroxy-9-methyl 1-86 9-32 —Q-259 t 250 3-99 
+0-02 t-0-04 5-5 0 250 4-08 
12-0 - 254 4-11 
1 : 6-Dihydro-1 : 7-di- 2-16 — 0-0 | 250 4-00 
methyl-6-oxo- 0-04 70 0 255 3-94 
8-Hydroxy ¢ 2-58 ¢ 8-24 ¢ 0 + 280 4-02 
>12 5-4 0 235; 277 3-51; 4-05 
10-1 — 285 4-11 
8-Methoxy- 3-14 7-73 1-0 ++ 271 4-05 
+0-08 +0:04 5-4 0 271 4-03 
10-0 — 279 3-98 
8-Hydroxy-7-methyl- 2-69 8-20 0-3 a 284 3-90 
+0-01 -0-02 5-5 0 240; 278 3-60; 3-97 
12-0 — 186 4-06 
8-Hydroxy-9-methyl- 2-80 9-05 0-3 + 281 4-07 
0-02 +0-03 5-5 0 235; 277 3-45; 4-01 
12-0 — 257; 289 3°63; 3-97 
7 : 8-Dihydro-7 : 9-di- 2-8 - 0-3 + 285 4-03 
methyl-8-oxo- -O-l 7-0 0 241; 279 3-56; 4-01 
2-Mercapto- ¢ 0-50 ° 715° —1-2* | 230; 287; 382 3°87; 4:27; 3-26 
10-40 4-98 0 241; 286; 346 4-10; 4-25; 3-18 
8-8 235; 263; 328 4-12; 4-19; 3-49 
2-Methylthio- ¢ 1-91¢ 8-91 ¢ 0-0 +! 242; 250; 314 4:13; 4:09; 3-64 
5-9 0 232; 250; 305 4-22; 3-93; 3-78 
11-6 — 240; 301 4-28; 3-79 
6-Mercapto- ¢ <2-5°¢ 797 ¢ 5-09 0 225; 325 3°87; 4:27 
10-84 9-30 — 228; 312 3-98; 4:16 
6-Methylthio- ¢ 0-0¢ 8-75¢ —3-55 Lb 222; 313 4-08; 4-41 
5:8 0 255; 290 3°66; 4:35 
11-1 — 222; 290 4-27; 4-31 
8-Mercapto- * 2-5¢ 6-64 °¢ 4-5 0 231; 310 4-01; 4-46 
11-16 8-9 - 228; 313 4:13; 4:37 
13-0 230; 315 4:18; 4-31 
8-Methylthio- ¢ 2-95 ¢ 7-67 ¢ 0 t 232; 305 4-04; 4-32 
5-07 0 246; 290 3°59; 4:30 
9-9 220; 296 4-23; 4-27 
8-Mercapto-9-methyl- <2-5 7-484 5-0 0 232: 309 4-09; 4-43 
+ 0-04 10-0 233; 311 4:18; 4:35 
9-Methyl-8-methy]l- 2-98 0-3 | 238; 301 4-25; 4-23 
thio- + 0-02 7-0 0 211; 255; 289 4-10; 3-57; 4-24 
« From Mason, /., 1954, 2071. * Determined at m/100. ¢ From Albert and Brown, /., 1954, 
2060. 4 Determined at m/500. ** H,SO,: e 4N, f 10N, g 2N, A 5N, 7 13-5N. 
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any substituents present. However, in general, for nuclei similarly substituted, the 
stretching vibration of the C:O group of a cyclic conjugated amide with a five-membered 
ring lies at a higher frequency than that of such a group in a six-membered ring with an 
ortho-quinonoid structure, and this in turn at a higher frequency than for the para- 
quinonoid isomer. With ring systems containing two nuclear nitrogen substituents, for 
example, this band lies at 1728 cm.~! for 2-hydroxybenziminazole (Table 2), 1675 cm." 
for 1 : 2-dihydro-1-methyl-2-oxopyrimidine, and 1653 cm.' for 1 : 4-dihydro-l-methyl- 
4-oxopyrimidine.* 

These correlations applied to the case of 6-hydroxypurine and its N-methyl derivatives 
suggest that the tautomeric hydrogen atom derived from the hydroxy-group is linked 
mainly to the l-nitrogen atom. 6-Hydroxy-7- and -9-methylpurine in chloroform solution 
both show an NH band at 3390 cm.-!, that is, in the range of cyclic conjugated amides 
with an ortho-quinonoid structure. 6-Hydroxy-l-, -7-, and -9-methylpurine, and 1 : 6-di- 
hydro-1l : 7-dimethyl-6-oxopurine give rise to a C:0 band between 1679 and 1711 cm.-, 
a little above that of 6-hydroxypurine itself (1670 cm.-1), whilst 3 : 6-dihydro-3-methyl- 


TABLE 2. Infrared spectra in the N-H and C:O stretching vibration regions. 
N-H stretching C:O stretching (cm.“) 


Purine (cm.*) (in CHC],) In CHCl, Solid 
DE cccscnccvcnscccscsscnscnsecenseusssccsesssesessoosases 3444 b b 
DRRFEIOEG ce iiccnicnvesscccccscncescccsesesesesccesccveces a a 1674 
B-Hydroxy-9-methyl-  ........sccccccsccscsesccceccorccees 3411 1637 1647 
Ecc ccttsccwtnncaszessessascscencssesessssscencces a a 1670 
ES: kscicctennsssacctevesesscnsecuscssessecongescess 3440 b b 
1 : 6-Dihydro-l-methyl-6-Ox0- ........ csc eeeeeeeeeeees 3438 1698 1695 
3 : 6-Dihydro-3-methyl-6-Ox0- oo... ..ceceeeseeeeeeeees 3440 1638 1648 
GC EEPOTORG TENNEY ccccccccesscccccscsescesccesccoscess 3390 1702 1697 
SRG O-ME YE ccccccccccccccsccccsccscscescccccecs 3388 1711 1679 
1 : 6-Dihydro-1 : 7-dimethyl-6-oxo-  .............20005 b 1689 1683 
DIE. cncvccsivcccccsecorssscesesococssecncoesensceses a a 1740 
S-Hydroxy-7-methyl-  .......ccccccccccccccccccrscsccccces 3444 1739 1742 
CEG OGE YE ccccccncescsccccccccccscsevccconeses 3450 1744 1745 
7 : 8-Dihydro-7 : 9-dimethyl-8-ox0-  .............00008 b 1731 1733 
GRBCEOTE > cs evcccsccrcccseccccsesssecesacsnececsescsecccces 3442 b b 
2-Hydroxybenziminazole ........ccccccoscescesscssececcee 3469 1722 1728 


a, Insoluble. 6, No band observed. 


6-oxopurine shows a C:O band at 1638—1648 cm.-! (Table 2). As the enol forms 
do not occur (lack of an OH band and the presence of a C:O band), the pyrimidine 
ring in 1 : 6-dihydro-l-methyl-6-oxopurine must possess an ortho-quinonoid structure 
(III or IV; R’ = Me), whilst in 3 : 6-dihydro-3-methyl-6-oxopurine it must have a para- 
quinonoid structure (¢e.g., II; R= Me). Thus the position of the C:O0 band suggests 
that an ortho-quinonoid structure is assumed in the cases where tautomerism is possible in 
the pyrimidine ring, namely, 6-hydroxypurine and its 7- and 9-methyl derivatives. Such 
a phenomenon is general. When a hydroxyl group is placed both « and y to a ring- 
nitrogen atom in a N-heterocyclic nucleus, or in other conjugated positions in the poly- 
cyclic cases, the hydrogen atom is attached predominantly to the «-ring nitrogen atom.) 4 
The infrared evidence from both the N-H and C:0 stretching vibration regions accordingly 
suggests that 6-hydroxypurine has the structure (III; R = R’ = H) or (IV; R=R’ = H). 
Structure (IV; R=R’ = H) is perhaps to be preferred, as the NH band of 1 : 6-dihydro-1- 
methyl-6-oxopurine lies at a slightly lower frequency than that of purine itself (Table 2). 
The lowering may be ascribed to intramolecular hydrogen bonding, which is likely to be 
much more effective between the oxygen and the 7-nitrogen atom in structure (IV; 
R’ = H, R = Me) than between the 3- and the 9-nitrogen atom in structure (III ; R’ = H, R = 

Me). However, in the solid state or in aqueous solution it may be expected that 


“ Hearn, Morton, and Simpson, J., 1951, 3318. 
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intermolecular hydrogen “par yl would render the 7- and the 9-position, and thus the 
structures (III and IV; R == R’ = H), largely equivalent. 


6 iO TO & > 


(I) Pe rm. (IV) 


8-Hydroxypurine shows a C:O band close to those of its 7- and 9-methyl and its 
7: 9-dimethyl derivatives (Table 2). 7: 8-Dihydro-7 : 9-dimethyl-8-oxopurine has a 
fixed structure (V; Rand R’ = Me), and it is probable therefore that the parent compound 
has the similar structure (V; R= R’ =H). In either of the alternative amide forms, 
e.g., (V1), 8-hydroxypurine and its 7-methyl derivative would be expected to show a C:O 


L "y \* *HNZ N 
(> OD 
NW > L, <P K, ? 


R 
(V) (Vla) (VIb) 

band at a lower frequency than the 9-methyl and the 7 : 9-dimethyl derivatives. (VIa) 
is an energetically ‘‘ strained’ structure in which part of the resonance energy of the 
pyrimidine has been lost, and thus the ionic form (VIb), retaining the pyrimidine ring 
resonance, would be expected to make a large contribution to the hybrid. Such a contri- 
bution would lower the double-bond character of the C:O link, resulting in a C:O bond 
absorption at a lower frequency. 

The ultraviolet evidence supports the assignment of structure (V; R = R’ = H) to 
8-hydroxypurine. In their neutral molecular forms, the ultraviolet spectra of 8-hydroxy- 
purine and its 7- and 9-methyl and 7 : 9-dimethy] derivatives are very similar and different 
from that of 8-methoxypurine (Table 1), suggesting that the conjugated system of 8- 
hydroxypurine resembles that of its N-methyl derivatives but not that of its O-methyl 
derivative. Further, the absorption spectrum of the anion of 8-hydroxypurine resembles 
that of the anion of its 7-methy] derivative more closely than that of its 9-methyl derivative, 
indicating that the first acidic ionisation in the parent compound probably takes place 
from the 9- and not the 7-nitrogen atom (Table 1). 


H 
N N N 
N7* 7 HN* S S 
“YD ie y HN \ 
ie) 3 9 ie) A, ot 
: 2 - 
(VII) (VIIN) (IX) 


Of the five possible amide forms of 2-hydroxypurine, structure (VII) and the isomer 
with a hydrogen atom attached to the 9- instead of the 7-nitrogen atom are the most 
probable, since they involve no modification of the aromatic resonance of the glyoxaline 
ring. 2-Hydroxypurine gives rise to an absorption band in the C:0 stretching vibration 
region at 1674 cm., close to its position for 1 : 2-dihydro-1-methyl-2-oxopyrimidine 
(1675 cm.-),! suggesting that the pyrimidine ring in 2-hydroxypurine possesses an ortho- 
quinonoid pyrimidone structure, rather than a reduced pyrimidone structure as in (IX). 
2-Hydroxy-9-methylpurine shows a C:O band at a lower frequency (1637—1647 cm."!), 
indicating that this compound may have an energetically “ strained ” structure in which 
the double-bond character of the C:O link is lowered by a substantial contribution from 
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an ionic resonance form. Such a structure might arise if the normal tautomeric form of 
2-hydroxypurine were (VII), or the isomer with an NH group in the 9- instead of the 
7-position, by virtue of steric hindrance between the 9-methyl group and the hydrogen 
atom on the 3-nitrogen atom. In these circumstances the mobile hydrogen atom in 
2-hydroxy-9-methylpurine might be linked to the l-nitrogen atom, forming the structure 
(VIII; R = Me), without full aromatic resonance in the glyoxaline ring. The ultra- 
violet evidence also indicates that 2-hydroxypurine and its 9-methyl derivative possess 
different conjugated systems, the absorption spectra of both the neutral molecule and the 
cation of 2-hydroxypurine differing from those of the corresponding ionic species of the 
9-methyl derivative (Table 1). Thus in the case of 2-hydroxypurine it is probable that 
there is an ortho-quinonoid structure in the pyrimidine ring and full aromatic resonance 
in the glyoxaline ring, conditions which are satisfied by structure (VII) or the isomer with 
an NH group in the 9- instead of the 7-position. 

The mercaptopurines in the solid state show infrared absorption bands near to 2600 
cm.~! (Table 3), the region of the S-H stretching vibration. However, purine itself shows 
bands in this region, due to combination and overtone frequencies and the intermolecular 
hydrogen bonded N-H stretching vibration (Table 3). On deuteration the bands near to 
2600 cm.-! in the case of the mercaptopurines shift to the 2100 cm.-! region, as might be 
expected for bands due to the S-H link. However, the band due to the intermolecular 
hydrogen bonded N-H stretching vibration in purine itself shows a similar shift on deuter- 
ation, so that the infrared evidence for the existence of the mercaptopurines in the thiol 
form in the solid state is equivocal. 


TABLE 3. Infrared spectra in the N-H and S-H stretching vibration regions. 


N-H< stretching N-H and S-H stretching (cm.“*) 
Purine (cm.-!) (in CHC1,) Solid 

I = cencconsnasinctciccsiinascitiines 3441 2724s 

IIE -ciuccanunnceunebinnehnaieeinmathiitins -- 2095 s 
2-Meercapto-.......cccccccccccseccccsccssceccccsees — 2876s, 2748s, 2682 m, 2591s 

GE diac cdctcecuscscbiscusdenecdissectns — 2180 m, 2135s, 2100s, 2055 m 
G6-Mercapto-........ccccsccccccccccccsccscccsccees — 3165 w, 2787 s, 2650 w 

PIE sctunnshcepeninssiinteapeeeanait -—- 2533 m, 2175s, 2105s, 1980 w 
6-Mercapto-7-methyl- ........eeseeeeesereeees 3365 
S-Mercapto-  ......cecccccccccccccccsccscoscccece 3422 2942 s, 2665s, 2590 m 

PIII. snenenininupnscstedineneseseyesnns —- 2260s, 2145s, 2015s, 1925 m 
8-Mercapto-9-methyl- ........cecceeeeeeeeeeee 3435 -— 


s = strong; m = medium; w = weak 


In chloroform solution 8-mercapto-9-methylpurine and 6-mercapto-7-methylpurine 
both show well-marked bands due to the free N-H stretching vibration (Table 3), so that 
these compounds, and presumably the parent mercaptopurines, exist at least in part in 
the thione form. No band due to the S-H stretching vibration was detected, though 
absorption due to this vibration is intrinsically weak, and the solubility of 8-mercapto-9- 
methyl- and 6-mercapto-7-methyl-purine in chloroform is small. The ultraviolet spectra 
of the mercaptopurines differ markedly from those of the corresponding methylthiopurines 
(Table 1), but the spectra of 8-mercaptopurine and its 9-methyl derivatives are closely 
similar, supporting the view that the mercaptopurines exist partly, and perhaps pre- 
dominantly, in the thione form. 

Preparation.—As purine has little solubility in carbon tetrachloride and in cyclohexane 
for fine spectral analysis, 2-n-butylpurine appeared a convenient substitute where the 
alkyl group was sterically remote from the NH group. It was made by formylation of 
4 : 5-diamino-2-n-butylpyrimidine * followed by thermal ring closure. 

A selection of the required 8-hydroxy- and 8-mercapto-purine derivatives was made by 
fusion of urea or thiourea with appropriate pyrimidine diamines. Thus 8-hydroxy-7- and 


5 Brown, /., 1956, 2312. 
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-9-methylpurine were made from 4-amino-5-* and 5-amino-4-methylaminopyrimidine ” 
instead of by using known complicated routes.** 7 : 8-Dihydro-7 : 9-dimethyl-8-oxo- 
purine ® (V; R = R’ = Me) was made similarly from 4 : 5-bismethylaminopyrimidine 
but the method is undesirable because of a persistent impurity in the product. 5-Amino- 
4-methylaminopyrimidine was also used to give 8-mercapto-9-methylpurine which on 
methylation furnished 9-methyl-8-methylthiopurine. 

Despite previous difficulties,’ 8-methoxypurine has now been conveniently obtained by 
oxidation of 8-methylthiopurine with chlorine to 8-methylsulphonylpurine which reacted 
smoothly with sodium methoxide. 6-Hydroxy-9-methylpurine was prepared directly 
from 5-amino-4-hydroxy-6-methylaminopyrimidine instead of via 9-methyladenine.’” 
9-Methyl-6-methylthiopurine was also made directly from 5-amino-4-methylamino-6- 
methylthiopyrimidine.* 

An attempt to prepare 2-n-butyl-6-mercaptopurine (XIII; R = Bu") from 4: 5- 
diamino-2-n-butyl-6-mercaptopyrimidine > (X; R=Bu") by formylation and ring 
closure, gave an isomeric compound which had no acidic function below pK, 12 and basic 
pK, 3-5 and was therefore 7-amino-5-n-butylthiazolo[5 : 4-d}pyrimidine (XII; R = Bu). 
Similarly were formed the 7-amino-5-methyl (XII; R = Me), 7-methylamino- and 7- 
amino- (XII; R =H) derivatives. The conditions governing ring closure of 4-amino-5- 
formamido-6-mercaptopyrimidine (XI; R=H) either to 7-aminothiazolo[5: 4-d}- 
pyrimidine or to 6-mercaptopurine are now known.'* It has not been realised however 


X? NH, x 


H, Ni <H:C0,H OHC: uN NN oH: H-COsH "SN QO 
[ ha all \ Ak Sor OHT Re Jn 
(X) (XI) ah (XII) Y XID 


that the thiazolopyrimidine (XII; R = H) is converted into the purine (XIII; R = H) 
under alkaline conditions. Thus treatment of the former with sodium hydroxide (as in a 
previous ring closure by Elion and Hitchings 15), or even with boiling commercial form- 
amide, gives the latter. That this isomerisation proceeds by ring opening to the formyl 
compound (XI) and subsequent ring closure of the anion to the purine, is suggested by a 
considerable by-product of 4 : 5-diamino-2-mercaptopyrimidine (X ; R = H) formed when 
sodium hydroxide is used, and arising presumably by deacylation of the intermediate 
formyl] derivative. 





EXPERIMENTAL 


Analyses were done by Mr. P. R. W. Baker, Wellcome Research Laboratories, Beckenham. 
The homogeneity of analysed compounds was checked by paper chromatography. 
- Ultraviolet Spectra.—These were measured with a Hilger Uvispek H700/305 Quartz Spectro- 
a photometer, with buffer solutions with the pH values recorded in Table 1. The buffer solutions 
S were 0-01m-glycine (for pH 1-5—3-5), 0-01m-acetate (for pH 3-8—5-7), 0-01m-phosphate (for 
’ pH 6-0—7-9 and 10-3—11-3), and 0-01m-borate (for pH 8-2—10-0), together with n- (pH 0) and 
0-in-hydrochloric acid (pH 1-0), and 0-1n- (pH 13) and 0-01N-potassium hydroxide (pH 12). 

Infrared Spectra.—These were measured with a Perkin-Elmer model 12C spectrometer, 
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1e * Brown, J. Appl. Chem., 1955, 5, 358. 
e ? Brown, ibid., 1954, 4, 72. 
8 Fischer, Ber., 1895, 28, 2480. 
of ® Fischer, Ber., 1884, 17, 328. 
10 Albert, Brown, and Wood, /., 1956, 2066. 
. 11 Albert and Brown, J., 1954, 2060. 
ry 12 Fischer, Ber., 1898, $1, 114. 
1d 13 Brown, J. Appl. Chem., 1957, 7, in the press. 
14 Elion, Lange, and Hitchings, J. Amer. Chem. Soc., 1956, 78, 2 
18 Elion and Hitchings, ibid., 1954, 76, 4027. 
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with a prism of lithium fluoride for the O-H, N-H, and S~H stretching vibration region, and 
a prism of sodium chloride for the C:O stretching vibration region. The compounds were 
examined as solids included in pressed potassium bromide discs, or in chloroform solution. 

8-Hydroxy-7- and -9-methylpurine —5-Amino-4-methylaminopyrimidine ? (2-5 g.) and urea 
(4-5 g.) were heated at 170° for 30 min. The residue in boiling water (~25 ml.) was treated with 
charcoal, adjusted to pH 5—6, and evaporated to dryness. Two recrystallisations from ethanol 
(50 ml.) gave needles of 8-hydroxy-9-methylpurine (1-5 g.), m. p. 233° (lit.,® 233°) (Found : 
N, 37-3. Calc. forC,H,ON,: N, 37-3%). 

Similarly 4-amino-5-methylaminopyrimidine ® and urea at 200° for 40 min. gave, after 
recrystallisation from ethanol (250 ml.), 8-hydroxy-7-methylpurine, m. p. 256—257° |lit.,* 
266—267° (corr.)| (Found : N, 37-35%). 

8-Methylsulphonylpurine.—Chlorine was passed into a suspension of 8-methylthiopurine 
(3-4 g.) in water (20 ml.) at <5° for 15 min. A thick precipitate was formed on scratching. It 
was filtered off and suspended in water (3 ml.) and 10N-sodium hydroxide was added to pH 4. 
The solid was recrystallised from ethanol (~130 ml.), giving 8-methylsulphonylpurine (1-2 g.). 
It shrinks and darkens about 140°, but has m. p. ~300° (Found : N, 27-95; S, 15-7. C,gH,O,N,5S 
requires N, 28-25; S, 16-1%). 

8-Methoxypurine.—The above sulphone (0-5 g.) was heated at 180° for 4 hr. with sodium 
methoxide solution (sodium, 0-15 g.; methanol, 25 ml.). The residue after evaporation in a 
vacuum was dissolved in water (3 ml.) and brought to pH 4. Recrystallisation from ethyl 
acetate (15 ml.) gave 8-methoxypurine (0-2 g.), m. p. 153—154° (Found: C, 48-3; H, 3-8; 
N, 37-15. CgH,ON, requires C, 48-0; H, 4:0; N, 37-3%). 

8-Mercapto-9-methylpurine —5-Amino-4-methylaminopyrimidine (1-2 g.) was heated at 
190° with thiourea (1-8 g.) for 20 min. Water (5 ml.) was added and the pH adjusted to 4. 
Refrigeration overnight produced a grey solid which was extracted with boiling water (200 ml.) 
(carbon) to give colourless needles (0-5 g.) of 8-mercapto-9-methylpurine, m. p. 314° (Found : 
N, 33-7; S, 19-05. C,H,N,S requires N, 33-7; S, 19-25%). 

9-Methyl-8-methylthiopurine.—8-Mercapto-9-methylpurine (0-4 g.) in N-sodium hydroxide 
(2-5 ml.) was shaken with methyl iodide (0-16 ml.) for 30 min. Extraction with chloroform, 
evaporation, and sublimation (100°/0-01 mm.) gave 9-methyl-8-methylihiopurine (0-32 g.), 
m. p. 147° (Found: N, 30-9; S, 17-85. C,H ,N,S requires N, 31-1; S, 17-75%). 

4-A mino-2-n-butyl-5-formamidopyrimidine.—4 : 5-Diamino-2-n-butylpyrimidine 5 (0-33  g.) 
was heated on the water-bath for 1 hr. with 98% formic acid (3 ml.). The residue after evapor- 
ation in a vacuum was dissolved in warm water (3 ml.) and brought to pH 9—10 with ammonia. 
Recrystallisation of the solid (0-34 g.) from water gave needles of formyl derivative, m. p. 143°, 
decomp. ~170° (Found: C, 55-45; H, 7-4; N, 28-75. C,H,,ON, requires C, 55-65; H, 7-3; 
N, 28-85%). 

2-n-Butylpurine.—The above formyl compound (0-3 g.) was heated at 195° for 5 min. 
Recrystallisation of the solid from benzene (12 ml.) gave 1-n-butylpurine, m. p. 144° strongly 
depressed by starting material (Found: C, 61-9; H, 6-6; N, 31-8. C,H,.N, requires C, 61-4; 
H, 6-85; N, 31-8%). 

5-Formamido-4-methylamino-6-methylthiopyrimidine.—5 - Amino- 4-methylamino- 6 -methyl- 
thiopyrimidine ™ (5 g.) was heated with 98% formic acid (40 ml.) at 65° for Ll hr: The formic 
acid was removed in vacuo at 60°, and the residue dissolved in boiling water (40 ml.) and adjusted 
to pH 5—6. Recrystallisation of the crude solid (41- g.) from water (220 ml.) gave the formyl 
derivative, m. p. 204—205° (decomp.) (Found: N, 28-2. C,;H,)ON,S requires N, 28-25%). 

9-Methyl-6-methylthiopurine—The above formyl compound (1-8 g.) was heated at 210° for 
10 min. Recrystallisation from ethanol (15 ml.) gave the purine (1-25 g.), m. p. 165—167° 
(Found : C, 46-8; H, 4-4; N, 31-45. C,H,N,S requires C, 46-65; H, 4-5; N, 31-1%). 

6-Hydroxy-9-methylpurine.—5-Amino-4-hydroxy-6-methylaminopyrimidine (1-5 g.) and 
98% formic acid (6 ml.) were refluxed for 4 hr. The residue after evaporation was ground with 
water (5 ml.), and the pH adjusted to 5. The solid (1-4 g.) was recrystallised from water 
(40 parts), giving fine needles of 6-hydroxy-9-methylpurine, m. p. <360° (Fischer !* gives 390°) 
(Found: C, 48-35; H, 3-85; N, 37-5. Calc. for C,H,ON,: C, 48-0; H, 4-0; N, 37-3%). 

7-Methylaminothiazolo{5 : 4-d)pyrimidine.—5- Amino-4-mercapto - 6- methylaminopyrimidine 
(2-0 g.) was refluxed for 2 hr. with 98% formic acid (15 ml.). The residue after evaporation 
was dissolved in hot water (15 ml.) and brought to pH 10 with ammonia. The solid (90°) was 
recrystallised from water (25 parts), giving colourless needles of the 7-methylamino-derivative. 
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m. p. 155° (Found : C, 43-2; H, 3-9; N, 33-95. C,H,N,S requires C, 43-4; H, 3-65; N, 33-75%), 
pKgq (basic) 2-84 + 0-02 (m/100). The 7-amino-analogue 1 has pK, 2-77 + 0-02. 

7-Amino-5-n-butyl- and 7-Amino-5-methyl-thiazolo[5 : 4-d|pyrimidine—Made as above 
from 4: 5-diamino-2-n-butyl-6-mercaptopyrimidine * and recrystallised from water (ca. 200 
parts), the n-butyl derivative formed stout needles, m. p. 101—102° (Found: C, 51-9; H, 5-7; 
N, 27-1; S, 15-3. C,H,,ON,S requires C, 51-9; H, 5-8; N, 26-9; S, 15-4%), pKg (basic) 
3-49 + 0-01 (m/100). 4: 5-Diamino-6-mercapto-2-methylpyrimidine similarly gave (from 
water, 30 parts) the methyl derivative, m. p. 208° (Found : N, 33-8; S, 19-55. C,H,N,S requires 
N, 33-75; S, 19-3%), pK, (basic) 3-56 + 0-01 (0-005m). 

6-Mercaptopurine.—7-Aminothiazolo[5 : 4-d}pyrimidine (0-2 g.) was heated at 190° in 
formamide (1 ml.) for 30 min. Water (1 ml.) was added, the solution adjusted to pH 4—5, 
and the solid recrystallised (carbon) from water (10 ml.). It was dissolved in cold 0-2N-sodium 
hydroxide (4 ml.), filtered from some thiazolopyrimidine, and the 6-mercaptopurine was 
reprecipitated (yield, 0-08 g.). It was identical with authentic material in paper chromatography 
and m. p. [805—310° (decomp.)]._ 2-Hydroxy-9-methylpurine was made by Johns’s method.'® 


We thank Dr. Gertrude Elion for many of the 6-substituted purines, Professor A. Albert for 
kindly constructive criticism, Mr. E. P. Serjeant for pK, titrations, and Messrs. J. Harper and 
J. Robson for technical help. One of us (S. F. M.) thanks the Department of Medical Chemistry 
of the Australian National University for a research fellowship. 
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137. Chemistry of Micrococcin P. Part I. 
By P. Brookes, A. T. FULLER, and JAMES WALKER. 


Micrococcin P, an antibiotic with therapeutic activity obtained from 
cultures of a spore-bearing bacillus of the B. pumilus group, gave on acid 
hydrolysis three groups of products, designated, for convenience, the “‘ acid- 
insoluble fraction,’’ the ‘ ether-soluble fraction,’’ and the “‘ acid-soluble 
fraction.’’ On treatment under esterification conditions the ‘‘ acid-insoluble 
fraction ’’ gave a dimethyl ester C,,H,,0;N,S, and a base (?)C,,.H,,0,N;S;, 
isolated as the picrate. The “ ether-soluble fraction ’’ consisted of a mixture 
of a substance C,H,O;NS and propionic acid, while the “ acid-soluble 
fraction ’’ contained ammonia, L-threonine, and a substance C,H,,0,N,5, 
isolated as the hydrochloride. The substance C,H,O,NS has been identified 
by degradation and synthesis as 2-propionylthiazole-4-carboxylic acid (IV), 
and the substance C,H,,0,N,S as (+-)-2-(l-amino-2-methylpropy])thiazole- 
4-carboxylic acid (XI) by conversion into (-+)-2-(1-hydroxy-2-methylpropy]l)- 
thiazole-4-carboxylic acid (X) and 2-isobutyrylthiazole-4-carboxylic acid 
(VIII), which have been synthesised. The molecular weight of micro- 
coccin P has not been established satisfactorily by experiment, but estimates 
based on the amounts of hydrolytic fragments isolated place it in the region 
of 2200. 

The probable biogenetic derivation of the compounds C,H;O,NS (LV) and 
C,H,,0,N,S (XI) from cysteine and a-aminobutyric acid, and cysteine and 
valine, respectively, is discussed. 

Aw antibiotic with therapeutic activity was recently obtained?! in this Institute from 

cultures of a spore-bearing bacillus of the B. pumilus group, isolated from soil collected in 

East Africa, and the present communication reports progress that has been made with 

the study of its chemistry. While this work was being carried out, our attention was 

drawn by Dr. E. P. Abraham to the similarity between the recorded properties } of the 
1 Fuller, Nature, 1955, 175, 722. 
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antibiotic produced by this species of B. pumilus and those ? of an antibiotic produced by 
a species of Micrococcus, isolated from Oxford sewage, which had been named micrococcin * 
although nothing was known about its chemical nature. Comparison of the properties 
and behaviour of these two substances, coming, as they do, from such widely divergent 
sources, has indeed demonstrated * a considerable degree of identity, or near-identity, 
between them. With substances of such a degree of complexity as these have proved to 
be, however, one cannot be confident in the present state of knowledge that they are 
identical in every detail, and it is possible that, as in other cases amongst antibiotics, we are 
dealing with two members of a group of closely related compounds. As the name micro- 
coccin is already established in the literature, it may be undesirable to apply a specific 
trivial name to the antibiotic produced by the B. pumilus species in view of the relation 
between the two antibiotics that has emerged. On taxonomic grounds, however, the 
term micrococcin is too narrowly suggestive of source to be satisfactory as a name for the 
antibiotic produced by the B. pumilus species, but, in the circumstances, it may serve as a 
chemically generic name, and the B. pumilus antibiotic is therefore referred to 4 as micro- 
coccin P in the absence of evidence to show that the two substances are completely identical. 

On hydrolysis with hot 20% hydrochloric acid micrococcin P broke down to a series of 
products which were separated into three groups. One, the “ acid-insoluble fraction,” 
was separated at the end of the hydrolysis after dilution with water. The second, the 
‘‘ ether-soluble fraction,’ was isolated by continuous ether-extraction of the diluted aqueous 
acid mixture, and the third, the ‘“ acid-soluble fraction,” was obtained on subsequent 
evaporation of the aqueous acid solution to dryness. These three fractions may now be 
considered in turn. 

In contact with the aqueous acid mother-liquors the “‘acid-insoluble fraction ” 
appeared to consist largely of a yellow crystalline substance, but washing with water 
discharged the yellow colour and left a buff, apparently amorphous, product, suggesting 
hydrolysis of a salt of a weak base. The “ acid-insoluble fraction ’’ amounted to about 
40% of the weight of the original micrococcin P. It was insoluble in the usual organic 
solvents but dissolved readily in aqueous alkali. Treatment with boiling methanolic 
hydrogen chloride, or, better, with boiling methanol containing 2-5% of sulphuric acid 
effected solution slowly with subsequent separation of a crystalline solid. This proved to 
be a substance C,,H,,0;N;S, containing two methoxyl groups. Micrococcin P is methoxyl- 
free and the appearance of two methoxyl groups in the substance C,,H,,0;N;S, can be 
attributed to the esterification of two carboxyl groups. The yield, based on the “ acid- 
insoluble fraction,” amounted to 55%, or ca. 22-5% (as free acid) based on the original 
micrococcin P. The infrared absorption spectrum showed three strong bands in the 
carbonyl-stretching region, and these may be attributed to conjugated and unconjugated 
ester carbonyl groups (vmax, 1710 and 1740 cm.-), and (?) an aryl (heterocyclic?) ketone 
or (?) hindered tertiary amide-carbonyl group (vmax, 1690 cm.-!); absorption bands at 
1685—1690 cm.-! were subsequently observed in the infrared spectra of ketones containing 
the carbonyl group conjugated with the 2-position of the thiazole ring (see below), but 
tertiary amides do not usually absorb at quite such high frequency. The ultraviolet 
absorption spectrum was complex and obviously consisted of the sum of absorptions due 
to several isolated chromophores. The esterification mixture, after separation of the 
compound C,,H,,0;N,S,, was found to contain a weakly basic substance, which separated 
on basification after concentration. It could not be crystallised but the ultraviolet 
absorption spectrum was similar to that of the compound C,,H,,0;N,S,, and the infrared 
absorption spectra of the two also showed many similar features, except that that of the 
weak base had only two bands in the carbonyl-stretching region (vm.x. 1710 and 1730 cm.~}). 
Analysis of a picrate gave figures suggesting the formula C,,H,,0,N,5,,C,H,O,N3. 

2 Heatley and Doery, Biochem. J., 1951, 50, 247. 


3 Su, Brit. J. Exp. Path., 1948, 29, 473. 
* Abraham, Heatley, Brookes, Fuller, and Walker, Nature, 1956, 178, 44. 
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The “ ether-soluble fraction’ was apparently a mixture of two components, one of 
which, separated from the other by steam-distillation, was recognised by vapour-phase 
partition chromatography as propionic acid, and the other was a crystalline solid 
C,H,O,NS, which could be sublimed in a vacuum. It, accounted for ca. 8-3% of the 
original micrococcin P. Potentiometric titration indicated the presence of one acidic 
group of pK, ca. 3-7, and the infrared absorption spectrum showed only one band 
(v 1690 cm.-4) in the carbonyl-stretching region suggestive of a conjugated carboxyl group. 
The ultraviolet absorption spectrum showed a single maximum at 282 my (log « 3-69). 
At this stage cautious oxidation with alkaline potassium permanganate at room temper- 
ature followed by removal of manganese dioxide with sulphur dioxide gave a substance 
C,H,O,NS, which agreed in m. p. with that recorded 5 for thiazole-4-carboxylic acid (I). 
Comparison with thiazole-4-carboxylic acid (I), prepared by the method of Erlenmeyer 
and Morel,® confirmed that the oxidation product was indeed that substance. The ultra- 
violet absorption spectrum of thiazole-4-carboxylic acid, however, showed a single 
maximum at 230 my. (log « 3-82), and it therefore appeared improbable that the substance 
C,H,O,NS could be a thiazole (II) with only one side-chain conjugated with the ring in 
view of the observed ultraviolet absorption at considerably longer wavelength. On 
treatment with 3n-sulphuric acid at 180° the substance C,H,O,NS gave propionic acid, 
identified by vapour-phase partition chromatography, and, again, thiazole-4-carboxylic 
acid (I). It gave a dinitrophenylhydrazone, however, and the infrared absorption 
spectrum of the methyl ester showed clearly the presence of two carbonyl groups, the 
absorption due to the carboxyl-carbonyl group having been shifted to higher frequency 
on esterification, away from the band attributable to a conjugated ketonic-carbonyl 
group, which had been obscured by the absorption due to the carboxyl-carbonyl group in 
the free acid. It was then found that, by avoiding the use of sulphur dioxide in the 
working up (see above), a second product was obtained, agreeing in its properties with an 
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authentic specimen of thiazole-2 : 4-dicarboxylic acid (III), prepared by the method of 
Erlenmeyer, Junod, Guex, and Erne,® and the production of thiazole-4-carboxylic acid (I) 
in this oxidation as the main product is attributable to the extreme ease with which a 
carboxyl group can be lost from the 2-position in a thiazole-2-carboxylic acid.*? It 
therefore appeared likely that the substance C,H,O,NS was 2-propionylthiazole-4- 
carboxylic acid (IV), and this was confirmed by comparison with an authentic specimen, 
synthesised by condensation of «-benzoyloxybutyrothioamide (V) with ethyl bromo- 
pyruvate (VI) followed by hydrolysis and oxidation of the resulting 2-1’-hydroxypropyl- 
thiazole-4-carboxylic acid (VII) to the keto-acid (IV) with sodium dichromate in acetic 
acid. 

The “ acid-soluble fraction ’’ contained about 55% of the nitrogen originally present 
in the micrococcin P, and nitrogen in the form of ammonia in amount corresponding to 

5 Erlenmeyer and Morel, Helv. Chim. Acta, 1942, 25, 1073. 

* Erlenmeyer, Junod, Guex, and Erne, ibid., 1948, 31, 1345 

7 Kondo and Nagasawa, ]. Pharm. Soc. Japan, 1937, 57, 249; Erlenmeyer, Marbet, and Schenkel, 


Helv. Chim. Acta, 1945, 28, 924; Schenkel, Marbet, and Erlenmeyer, ibid., 1944, 27, 1437; Schenkel 
and Schenkel-Rudin, ibid., 1948, $1, 924; Erne and Erlenmeyer, ibid., p. 652; Boon, J., 1945, 601. 
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about 23%, of the total nitrogen present in the antibiotic. The presence of four substances 
reactive towards ninhydrin was revealed by paper chromatography, three of the spots being 
typical in colour and one atypical. Subsequent chromatography on the cation-exchange 
resin ‘“‘ Amberlite IR-120(H) ” gave two pure components. The slowest-running substance 
in the paper chromatography was the one to leave the resin first in N-hydrochloric acid, and 
evaporation gave a levorotatory hydrochloride, C,H,O,N,HCl. This composition, the 
levorotation, and the Rp value pointed to L-threonine or p-allothreonine hydrochloride. 
Authentic specimens of L-threonine and p-al/othreonine were therefore converted into the 
hydrochlorides and comparison of the infrared absorption spectra showed conclusively 
that the substance obtained from micrococcin P was L-threonine, accounting for ca. 7-5% 
of the original antibiotic. The hydrochloride of L-threonine does not appear to have 
been described before but it is a highly crystalline substance and well suited for characteris- 
ation. The substance responsible for the atypical ninhydrin spot and one giving a 
closely associated and typical spot were removed from the column along with much 
ammonia. Separation of the ammonia, however, by a subsequent ion-exchange process 
left such a small amount of material as to suggest that the two substances in this fraction 
chromogenic towards ninhydrin may have been artefacts. Finally, elution with 3n-hydro- 
chloric acid and evaporation of the effluent afforded a dextrorotatory hydrochloride, 
C,H,,0,N,S,HCl, showing a maximum in its ultraviolet absorption spectrum at 234 my 
(log ¢ 3-81) [cf. thiazole-4-carboxylic acid (above), max, 230 my (log ¢ 3-82)]; it accounted 
(as free base) for ca. 14-4°% of the original micrococcin P. On treatment in alkaline 
solution with dilute aqueous potassium permanganate under mild conditions the rate of 
oxidation slowed down considerably with the consumption of one atom of oxygen per 
molecule of C,H,,0,N,S, to give a substance C,H,O,NS, showing an ultraviolet maximum 
at 285 my (log « 3-76). The ultraviolet and infrared absorption properties of this substance 
were very similar to those of the substance C,H,0,NS described above, and the analysis 
indicated the oxidation product to be a homologue of that substance. Furthermore, as 


S 
(IX) Pri» CH(OBz)*CS+NH, | | 
+ <> pri -cH(OH Ay CO,H 
N 


(VI) CH,Br+CO+ CO, Et 
uae = 


S S | 
Pre CH(NH,) by J cO,}H —> Pris COAX Bai 
N N 


(XI) (VIII) 


with the substance C,H,O,NS, treatment of the compound C,H,O,NS with 3n-sulphuric 
acid at 180° gave thiazole-4-carboxylic acid (I), indicating the substance to be a 2-butyryl- 
thiazole-4-carboxylic acid. The substance was in fact shown to be 2-isobutyrylthiazole-4- 
carboxylic acid (VIII), by comparison with an authentic specimen obtained by condens- 
ation of a-benzoyloxyisovalerothioamide (IX) with ethyl bromopyruvate (VI) followed 
by oxidation of the resulting 2-(1-hydroxy-2-methylpropy])thiazole-4-carboxylic acid (X). 
Treatment of the substance C,H,,0,N,S,HCI with nitrous acid gave an optically inactive 
product identical with synthetic (--)-2-(1-hydroxy-2-methylpropy]l)thiazole-4-carboxylic 
acid (X). These observations show the substance C,H,,0,N,S to have been (+)-2-(1- 
amino-2-methylpropyl)thiazole-4-carboxylic acid (XI). The conversion of (XI) into (VIII) 
by the action of alkaline potassium permanganate is attributable to dehydrogenation to 
the ketimine followed by its hydrolysis in analogy with the conversion,® in similar 
circumstances, of benzylanilines into benzylideneanilines and thence into aromatic 
aldehydes, and the racemisation observed in the nitrous acid reaction accords with 


® D.R.P. 92,084; Friedlander, ‘‘ Fortschritte der Teerfarbenfabrikation,”’ 1899, 4, 131. 
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experience ® of other deaminations in which an asymmetric centre involved is adjacent to 
an aromatic nucleus. 

We have not yet established the molecular weight of micrococcin P satisfactorily by 
experiment, although Heatley and Doery 2 estimated the molecular weight of the original 
micrococcin by Barger’s method “ to be slightly greater than 2170 and definitely less than 
2720,” but they were operating “ near the lower limit of workability of the method ” as 
far as concentration was concerned. The amounts of the substances which we have isolated 
after hydrolysis of micrococcin P enable us to make a provisional estimate of the molecular 
weight as about 2200 as the following Table shows. The effect of isolating a hydrolysis 
product in less than 100% of the theoretical yield is reflected in that substance’s appearing 
to account for a smaller proportion of micrococcin P than it should, and the molecular 


Apparent % of M of Mol. per 
micrococcin P hydrolysis Calc. M for mol. of 
Fraction Hydrolysis product accounted for product micrococcin P micrococcin P 
Substance C,,H,,0,;N,S, 22-5 561 2500 1 
ear (calc. as free dibasic acid) 
Acid-insoluble ) substance C1gH1s03NsSs 18-75 397 2120 1 
(free base) 
. Propionic acid 2-68 74 2750 1 
Ether-soluble { sip e once C,H,0,NS (IV) 8-33 185 2200 1 
Lt-Threonine 7-52 119 1580 2 
Acid-soluble ————<_ (XI) 14-4 200 1390 2 
Ammonia 3-82 17 445 5 


weight of the antibiotic calculated on the basis of the molecular weight of that particular 
hydrolysis product becomes artificially high. Inspection of the Table also shows that 
hydrolysis of micrococcin P probably produces one molecule of each of the first four 
hydrolysis products, two molecules each of L-threonine and the substance C,H,,0,N,S 
(XI), and five molecules of ammonia per molecule of antibiotic; it also suggests that 
about 10% of the antibiotic may yet have to be accounted for. 

The isolation of 2-propionylthiazole-4-carboxylic acid (IV) and 2-(l-amino-2-methy]l- 
propyl)thiazole-4-carboxylic acid (XI) on hydrolysis of micrococcin P points to similar 
modes of biogenesis of these two fragments, which can be further illustrated by reference 
to the antibiotic bacitracin produced by certain strains of Bacsillus licheniformis. 
Bacitracin A, a polypeptide containing one atom of sulphur per molecule, gives cysteine on 
complete hydrolysis © and yet shows no thiol reaction until, for a after brief 


HS-CH, “ 
uS +» CH(NH,)» CO-NH- CH-CO-NH- CH-co- 5. CH(NH nq H-CO+NH-CH-CO- 
(XII) (X11) 
LI 
but cody CO,H 
N 
(XIV) 


treatment with hot 0-5n-hydrochloric acid; 1! the same treatment also causes liberation of 
amide ammonia and loss of an ultraviolet absorption band at 254 my. The N-terminal 
amino-acid sequence of bacitracin A has been established !* as ssoleucylcysteinyl-leucyl- 
(XII), and the preceding observations have been rationalised 44 in terms of a thiazoline 


* Brewster, Hiron, Hughes, Ingold, and Rao, Nature, 1950, 166, 179; Ingold, ‘‘ Structure and 
Mechanism in Organic Chemistry,” G. Bell and Sons Ltd., London, 1953, p. 397. 

10 , Gregory, and Craig, ,. ‘Biol. Chem., 1948, 175, 485; Craig, Hausmann, and Weisiger, 
ibid., 1952, 199, 865. 

11 Newton and Abraham, Biochem. J., 1953, 58, 604. 

12 Lockhart and Abraham, ibid., 1954, 58, 633; Lockhart, Abraham, and Newton, ibid., 1955, 61, 
534; Weisiger, Hausmann, and Craig, J]. Amer. Chem. Soc., 1955, 77, 731. 

138 Cf. Craig, Hausmann, and Weisiger, ibid., 1954, 76, 2839; J. Biol. Chem., 1953, 200, 772; Porath, 
Nature, 1953, 172, 871. 
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structure (XIII) for bacitracin A. Thiazoline structures have previously been postulated 14 
as an explanation for masked thiol groups in proteins and there is spectral evidence for a 
thiazoline ring in glutathione under appropriate conditions.15 The relevance of these 
observations to the biosynthesis of (IV) and (XI) is made still clearer by consideration of 
bacitracin F.1® When bacitracin A is exposed in solution at pH 7 or slightly higher it is 
converted into bacitracin F with loss of nitrogen as ammonia and a shift in the maximum 
in the ultraviolet absorption spectrum from 254 to 290 my. On hydrolysis, the resulting 
bacitracin F gives no cysteine and, instead, the single sulphur atom emerges in a crystalline 
substance C,H,,0,NS,!7 which shows a maximum in its ultraviolet absorption spectrum 
at 285 mu (log ¢ 3-76) and for which the structure (XIV) has been proposed.” Although 
synthetic proof has not, as far as we are aware, been forthcoming, there can be little doubt 
HS+CH, HS*CH) 
++» NH-CHEt-CO-NH+CH-CO-+-+ NH-CHPri*CO-NH+CH-CO--- = (XV) 


v 
S H, S H, 
+e NH+CHEt Ly | le | (XVI) 
N N 
y 


| | ' ] (XVI) 
so NH CHE Ly CO+ cere NH+CHP ricky CO-e-. 
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| \ 
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C,H,3N 
-CO,Me 


k | -CO,Me (XVIII) 
S > 
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that this structure is correct, and the recorded light absorption and general properties 17 
of the substance are in excellent agreement with those observed for 2-propionylthiazole-4- 
carboxylic acid (IV) and 2-isobutyrylthiazole-4-carboxylic acid (VIII), obtained by 
oxidation of (+-)-2-(l-amino-2-methylpropyl)thiazole-4-carboxylic acid (XI), derived from 
micrococcin P. The substances (IV), (VIII), and (XIV) are, in fact, adjacent members 
of a homologous series of 2-acylthiazole-4-carboxylic acids. The thiazole derivatives 
which we have isolated from micrococcin P are therefore considered to be derived from the 
incorporation of cysteine and the other requisite amino-acids into a peptide chain (XV) 
with subsequent conversion of cysteine and adjacent residues into thiazolines (XVI) and 
thence into thiazoles (XVII). In the case of 2-propionylthiazole-4-carboxylic acid (IV) 
the precursors are obviously cysteine and «-aminobutyric acid, and in the case of 2-(1- 
amino-2-methylpropyl)thiazole-4-carboxylic acid (XI) they are cysteine and valine. It is 
noteworthy that the N-terminal amino-acid sequence of bacitracin A on conversion into the 
end group of bacitracin F loses nitrogen as ammonia, to emerge ultimately on hydrolysis 
as the 2-acylthiazole-4-carboxylic acid (XIV), whereas with micrococcin P one thiazole 
is obtained as the keto-acid (IV) and the other as the undegraded 2-aminoalkylthiazole-4- 
carboxylic acid (XI). These fragments, (IV) and (XI), may be incorporated in micro- 
coccin P in the form in which they are isolated after hydrolysis, or the appearance of one 


14 Linderstrgm-Lang and Jacobsen, J. Biol. Chem., 1941, 187, 443. 

16 Calvin, in ‘‘ Glutathione. A Symposium,” Academic Press Inc., New York, 1954, pp. 21—26. 

16 Craig, Weisiger, Hausmann, and Harfenist, J. Biol. Chem., 1952, 199, 259. 

17 (a) Hausmann, Weisiger, and Craig, J. Amer. Chem. Soc., 1955, '77, 730; (b) Weisiger, Hausmann, 
and Craig, ibid., p. 3123. 
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as the ketonic and the other as the amino-derivative may be related to the position occupied 
in the molecule of the antibiotic and to the order of events during hydrolysis. 
Although our knowledge of the substance C,,H,,0;N;S, is as yet fragmentary the 
nitrogen : sulphur ratio, stability of the parent dibasic acid to further acid hydrolysis, 
light absorption properties, and other evidence are compatible with a polythiazole 
structure (XVIII) for this substance. 


EXPERIMENTAL 


M. p.s were observed on a microscope hot stage. Ultraviolet light absorption measurements 
were made in 95% ethanol. Infrared absorption spectra were determined in pressed 
potassium bromide, or potassium chloride, discs, except where otherwise stated. 

Acid Hydrolysis of Micrococcin P.—Micrococcin P (5-4 g.) dissolved in 20% aqueous hydro- 
chloric acid (150 c.c.) to give a bright yellow solution, which was heated under reflux for 16 hr. 
After about 1 hr. at the b. p. the solution suddenly became cloudy owing to the separation of a 
small quantity of a white crystalline solid, shown microscopically to consist of well-defined 
prisms. The amount of this precipitate increased during about 10 min. only, and then remained 
apparently unaltered throughout the rernainder of the hydrolysis. After a further 2 hr. at the 
b, p. a further precipitation took place. This second precipitate consisted of bright yellow 
needles; it increased in amount during ca. 1 hr. and then remained constant. No other 
obvious changes took place during the hydrolysis. During the initial stage of the hydrolysis 
nitrogen was passed through the mixture and into aqueous barium hydroxide to detect any 
evolution of carbon dioxide, but none was apparent. No hydrogen sulphide was evolved during 
the hydrolysis. 

The reaction mixture was finally poured into water (750 c.c.), and the crystalline yellow 
precipitate was collected. On washing with water the yellow colour was lost and the remaining 
buff-coloured solid, the “‘ acid-insoluble fraction,’’ was no longer obviously crystalline. The 
solid was then washed with acetone and ether, and dried (yield 2-2 g.). 

The filtrate and washings were continuously extracted with ether for 16 hr. and the ether 
extract so obtained was dried and evaporated to give a product (0-62 g.), the “* ether-soluble 
fraction,’’ which was obviously a mixture of a crystalline solid and, from the odour and acidic 
reaction, a lower fatty acid. 

The aqueous solution remaining after the ether-extraction was concentrated to dryness, 
redissolved in water, and again taken to dryness to give a deliquescent brown solid (2-8 g.), the 
‘* acid-soluble fraction.”’ 

Esterification of the ‘‘ Acid-insoluble Fraction.’’—The “ acid-insoluble fraction ’’ (0-5 g.) was 
suspended in dry methanol (30 c.c.) containing concentrated sulphuric acid (1 c.c.) and the 
mixture was boiled under reflux for 8 hr. The solid slowly dissolved giving a clear solution, 
from which a crystalline solid subsequently separated on continued refluxing. The solution was 
cooled and the precipitate (0-29 g.) was collected and washed with methanol. The substance 
separated from chloroform-ether in colourless needles, m. p. 248—250° [Found: C, 49-3; H, 
3:7; N, 11-7; S, 22-1; MeO, 10-3; M (Rast), 602,613. C,,H,,0;N,S, requires C, 49-0; H, 3-7; 
N, 11-9; S, 21-8; 1MeO, 10-5%; M, 589). Infrared light absorption: vy, 1740(s), 1710(s), 
1690(s), 1585(m), 1560(m), 1515, 1490(m), 1465(m), 1445(s), 1415(m), 1375(m), 1345(m), 1325(m), 
1305(m), 1280, 1245(s), 1215(s), 1190(s), 1115(m), 1095(s), 1060, 1045, 1020(m), 995(s), 985(m), 
960(m), 930, 915, 905, 890(m), 855(m), 825, 800(m), 795(m), 775(m), 765(s), 745(s), 700, and 
675 cm."}. 

The filtrate and washings were concentrated to small bulk (ca. 10 c.c.), diluted with water 
(50 c.c.), and again concentrated (to 20 c.c.). This aqueous solution was made slightly alkaline 
with 2N-sodium hydroxide, and the precipitated brown solid (0-23 g.) was collected. A small 
quantity of this solid was made into a slurry with water, taken into solution by the addition ofa 
few drops of dilute sulphuric acid, and treated with aqueous sodium picrate, affording a picrate, 
which separated from ethanol in yellow prisms, m. p. 155—159° (Found: C, 42-1; H, 3-5; N, 
13-7; S, 15:2. C,.H,,0;N;S3,C,H,O,N, requires C, 42-2; H, 3-5; N, 13-4; S, 15-3%). 

Examination of the ‘‘ Ether-soluble Fraction.’’—The “‘ ether-soluble fraction ’’ (0-62 g.) was 
dissolved in water (25 c.c.) and steam-distilled until the distillate was only faintly acid. Aliquot 
parts (25 c.c.) of the total distillate (420 c.c.) were titrated against 0-1N-sodium hydroxide 
(Required: 1-15 c.c.; so total distillate contained 1-93 m-equiv. of acid). The distillate was 
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rendered slightly alkaline with aqueous sodium hydroxide, concentrated to small bulk (10 c.c.), 
acidified with dilute sulphuric acid, and extracted with ether. The dried ethereal solution was 
shown by vapour-phase partition chromatography to contain propionic acid, and the amount in 
the steam-distillate could then be estimated (1-93 m-equiv., 145 mg.). 

The residue after steam-distillation was acidified slightly with dilute sulphuric acid and 
continuously extracted with ether. The ether solution, on drying and evaporation, afforded a 
buff-coloured solid (0-45 g.). Crystallisation from chloroform-light petroleum (b. p. 40—60°) 
gave small colourless needles which changed into regular prisms above ca. 140° and finally 
melted at 169—171° [Found: C, 45-5; H, 3-7; N, 7-3; S, 17-2; C-Me, 5-7; M (Rast), 192. 
C,H,O,NS requires C, 45-4; H, 3-8; N, 7-6; S, 17-3; 1C-Me, 8-1%; M, 185]. Light absorption, 
(a) ultraviolet : Amax, 282 my (log ¢ 3-69); (b) infrared: vpax 1690(s), 1475(m), 1405(m), 1380, 
1360(m), 1340(m), 1280, 1255(m), 1230(m), 1100, 1090, 1010, 955(m), 900(m), 835, 800, 770(m), 
and 755(m) cm.-!. Potentiometric titration (glass electrode) in aqueous solution against 0-02 
n-sodium hydroxide showed the substance to have a pK, of 3-7. The substance was 
subsequently shown by m. p., mixed m. p., and light absorption to be identical with the authentic 
2-propionylthiazole-4-carboxylic acid (IV) described below. 

The methyl ester, obtained quantitatively by the action of diazomethane in ether, was a pale 
yellow crystalline solid; it sublimed at ca. 70° in a vacuum, affording colourless prisms, m. p. 
87—90° (Found: C, 48-0; H, 4:8; N, 7-0. C,H,O,NS requires C, 48-2; H, 4-5; N, 7-0%). 
Light absorption, (a) ultraviolet : Apax, 282 my (log « 3-70); (5) infrared: vmx, 1725(s), 1685(s), 
1550, 1505, 1485(m), 1460(m), 1435(m), 1410(m), 1380, 1360(m), 1340(m), 1220(s), 1105(m), 
1085(m), 1010, 995(m), 930(m), 900(s), 840(m), 800, 775(s), and 735(m) cm.-!; in chloroform 
solution the carbonyl-stretching bands were at 1730 and 1695 cm."}. 

Oxidation of the Substance C;H,0O,NS with Alkaline Potassium Permanganate.—The substance 
(44 mg.) was dissolved in 0-1N-sodium hydroxide (5 c.c.) and treated dropwise at room temper- 
ature with 2% aqueous potassium permanganate until a pink colour, stable for 5 min., was 
observed (Required : 3-8 c.c., i.e., 75 mg. of potassium permanganate = 3 at. of oxygen per mol. 
of C,H,O,NS). The oxidation mixture was divided into two parts, which were worked up 
separately as follows : 

(i) To the one part, approximately half of the reaction mixture, aqueous sulphur dioxide 
solution was added drop by drop until the precipitated manganese dioxide dissolved. The clear 
colourless solution was rendered still more acidic by the addition of a few drops of dilute sulphuric 
acid and was then continuously extracted with ether. The dried extract gave on evaporation 
a white solid (11 mg.), and recrystallisation from chloroform-light petroleum gave colourless 
needles, m. p. 192—194° (Found: C, 37-4; H, 2-3; N, 10-3; S, 23-8. Calc. for C,H;O,NS: 
C, 37-2; H, 2:3; N, 10-9; S, 248%). Light absorption, (a) ultraviolet: Aj, 230 my (log 
e 3-82); (b) infrared: vmax 1675(s), 1490(m), 1445(s), 1400, 1330, 1280(s), 1215(s), 1110, 940(s), 
890(m), 860(m), 830, 775, and 690(m) cm.-!. The substance was shown by m. p., mixed m. p., 
and light absorption to be identical with an authentic specimen of thiazole-4-carboxylic acid.® 

(ii) The remainder of the above oxidation mixture was freed from manganese dioxide by 
centrifugation. The clear solution was then acidified with dilute sulphuric acid and 
continuously extracted with ether for 3 hr. During this time the ethereal solution slowly 
deposited a white solid, which was collected and dried. In m. p. observations the not obviously 
crystalline solid changed at 140—144° into prisms, which subsequently melted at 190—192° 
(the m. p. of thiazole-4-carboxylic acid). Ultraviolet absorption: 2 ,, 265 my (log € 3-57). 
The substance was shown by m. p. behaviour, mixed m. p., and infrared absorption spectrum to 
be identical with an authentic specimen of thiazole-2 : 4-dicarboxylic acid * (III). The ethereal 
filtrate afforded thiazole-4-carboxylic acid on evaporation. 

Hydrolysis of the Substance C,H,O,;NS with 3nN-Sulphuric Acid at 180°.—The substance (50 
mg.) was dissolved in 3n-sulphuric acid (5 c.c.) and heated in a sealed tube at 180° for 8 hr. 
After cooling, the solution was steam-distilled until the distillate was no longer acidic. The 
residual solution was continuously extracted with ether for 3 hr. and the dried extract gave on 
evaporation a colourless solid (25 mg.), which was identified as thiazole-4-carboxylic acid by 
m. p. and infrared absorption spectrum. 

The steam-distillate was made slightly alkaline with aqueous sodium hydroxide solution, 
concentrated to small bulk (5 c.c.), acidified with dilute sulphuric acid, and continuously 
extracted with ether. On evaporation the dried extract afforded a small quantity of a liquid 
which was shown to be propionic acid by vapour-phase partition chromatography. 
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Synthesis of 2-Propionylthiazole-4-carboxylic Acid (IV).—(i) a-Benzoyloxybutyrothio- 
amide 48 (V) (11-15 g.) was added slowly to ethyl bromopyruvate 5 (VI) (9-75 g.) cooled in ice. 
When all the solid had been added, the mixture was stirred and heated at 100° for l hr. Water 
was added to the cooled mixture and the whole was extracted three times with an equal volume 
of ether. Evaporation of the dried ethereal solution afforded a reddish-brown oil (16-0 g.), 
which could not be distilled in a vacuum without decomposition. 

(ii) This oil (16-0 g.), crude ethyl 2-1’-benzoyloxypropylthiazole-4-carboxylate, was 
dissolved in alcohol (50 c.c.) and treated cautiously with an alcoholic solution (25 c.c.) of 
potassium hydroxide (5-6 g.). When all the alkali had been added the solution was boiled under 
reflux for 1 hr., and then taken to dryness on the water-bath in a vacuum. The residue was 
taken up in water and freed from an oily contaminant by extraction with ether. The clear 
aqueous solution was acidified with concentrated hydrochloric acid and extracted once with 
half its volume of ether. This ether extract, dried and evaporated, gave benzoic acid (3-5 g.) 
containing a small proportion of the required product. The aqueous phase was then continuously 
extracted with ether for 3 hr., and the dried extract, on evaporation, afforded a reddish-brown 
oil (6-1 g.). 

(iii) The preceding product (6-1 g.), crude 2-1’-hydroxypropylthiazole-4-carboxylic acid (VII), 
was dissolved in glacial acetic acid (25 c.c.) (previously distilled from chromium trioxide) and 
treated with sodium dichromate (5 g.) in water (2-5 c.c.). The solution was heated at 100° for 
2 hr. and then taken to dryness. Water was added and the solution was again taken to 
dryness, these operations being repeated twice more to ensure maximum removal of acetic acid. 
The solid remaining finally was taken up in water (25 c.c.) and extracted continuously with ether 
for 3hr. The product (2-7 g.), isolated in the usual way, was crystallised from chloroform-light 
petroleum, affording small needles of 2-propionylthiazole-4-carboxylic acid (IV), which changed 
into regular prisms above ca. 140° and finally melted at 169—171° (Found: C, 45-0; H, 3-8; 
N, 7-4. Calc. for C,H,O,;NS: C, 45-4; H, 3-8; N, 7-6%). 

Examination of the “‘ Acid-soluble Fraction.’’—The deliquescent brown solid (2-8 g.), obtained 
as described above, was taken up in water (50 c.c.), part remaining undissolved. The 
insoluble material (0-11 g.) was separated and found to be readily soluble in alkali and in strong 
acid, but not in water or in organic solvents. It contained nitrogen and sulphur but no halogen, 
and a solution in weak alkali showed no significant ultraviolet light absorption. The aqueous 
solution was examined by paper chromatography (downward flow; 16 hr.) with the system, 
butan-1-ol—acetic acid—water (63 : 10: 27). The paper was dried, sprayed with 0-1% ninhydrin 
solution in butan-l-ol, dried, and heated at 110° for 5 min., revealing the presence of four 
ninhydrin-reacting substances giving spots of Ry ca. 0-15 (violet), 0-20 (yellow) forming a cap 
to a spet of Ry 0-25 (violet), and 0-45 (violet). The spot of Ry 0-25 had a concave leading 
edge. 

The aqueous solution was then applied to a column of ‘‘ Amberlite IR-120(H),’’ which had 
been treated with 2N-sodium hydroxide and washed, and then treated with 2N-hydrochloric acid 
and washed with distilled water until the effluent was neutral. The aqueous solution was 
washed through the column with distilled water, and the effluent was collected. Evaporation 
left no residue, indicating complete retention of solutes on the column. The column was then 
eluted with n-hydrochloric acid and fractions (each 20 c.c.) were collected automatically. 
Alternate fractions were examined by paper chromatography as described above, samples 
(0-2 c.c.) being evaporated to dryness in a vacuum-desiccator on small convex Polythene discs, 
and the residues being applied to the paper in water (0-05 c.c.). 

Fractions 1—8 contained no ninhydrin-reacting material and left no residue on evaporation. 

Fractions 9—20 gave a violet spot of Ry 0-15. 

Fractions 21—25 gave the violet spot of Rp 0-15, together with a second violet spot of Rp 
0-25, which had, just above it and forming a cap to it, a yellow spot of Ry 0-20. 

Fractions 26—47 gave the yellow spot and the second violet spot. There was no indication 
of any separation of the substances responsible for these spots; when one was strong so was the 
other. 

Fractions 48—55 gave the same two spots, together with a trace of a third (violet), 
Ry 0-45. 

Fractions 56--103 gave only the violet spot of Ry 0-45; as the material responsible for this 
spot was coming off the column slowly the strength of the eluting acid was increased to 3N. 

18 Olin and Johnson, Rec. Trav. chim., 1931, 50, 72. 
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Fractions 104—131 gave the violet spot of Ry 0-45, becoming progressively weaker. 

The strength of the eluting acid was raised to 4n, but further fractions contained no 
ninhydrin-reacting material. 

Fractions 9—20, on evaporation, afforded a crystalline solid (0-53 g.) which separated from 
methanol-ethyl acetate in long needles, m. p. 144—145°, [a]? —11-8° (c 5-0 in H,O) (Found : 
C, 30-8; H, 6-4; N, 8-8; Cl, 22-7. C,H,O,N,HCI requires C, 30-9; H, 6-4; N, 9-0; Cl, 22-8%). 
The substance was shown to be L-threonine hydrochloride by comparison (m. p. and mixed m. p.) 
with an authentic specimen, prepared from the free amino-acid by evaporation with an excess of 
hydrochloric acid. The well-resolved infrared light absorption spectra of the two specimens 
were identical: Vmax, 1725—40(s), 1600(s), 1510(s), 1475, 1430(s), 1410(s), 1390(m), 1360, 1345, 
1320, 1275(s), 1230(s), 1130(s), 1120(s), 1095(m), 1040(s), 995(m), 925(m), 875(m), 830(m), 
805(m), 730 cm.-!. The infrared light absorption spectrum of pb-allothreonine hydrochloride, 
m. p. 152—153°, was markedly different and showed poorer resolution. 

The hydrochloride isolated from the ion-exchange column was dissolved in ethanol and 
treated dropwise with pyridine. The precipitated amino-acid was washed with ethanol and 
had [a]? —24-3° (c 3-0 in H,O); West and Carter ?* record [«}?’ — 28-3° in water for L-threonine. 

Fractions 26—47, on evaporation, gave a solid (0-73 g.) which consisted to a large extent of 
ammonium chloride. The solid was dissolved in water and applied to a column of ‘‘ Amberlite 
IR-120(H),” chloride ions being rejected. Elution with 2N-ammonia solution and evaporation 
of the effluent then gave a small quantity of a brown liquid containing a few crystals and giving 
the yellow and violet spots with ninhydrin on paper chromatography. 

Fractions 56—131, on evaporation, afforded crystalline 2-(1-amino-2-methylpropyl)thiazole-4- 
carboxylic acid hydrochloride (0-92 g.), which separated from methanol-ethy] acetate in colourless 
plates, which changed into small prisms above 200° and these melted at 264—267°, [«]?? + 15-3° 
(c 0-69 in H,O) (Found : C, 40-2; H, 5-6; N, 11-6; S, 13-2; Cl, 14-8. C sH,,0,N,S,HCl requires 
C, 40-4; H, 5-5; N, 11-8; S, 13-5; Cl, 14-99%). Light absorption, (a) ultraviolet: Aga, 235 my 
(log ¢ 3-81); (b) infrared: v,,, 1700(s), 1595(m), 1505(s), 1480(m), 1385(m), 1225(s), 1100, 
1065, 995, 945, 870, 825(m), 760, 720, 700 cm."}. 

In a separate experiment, micrococcin P (3-0 g.) was hydrolysed in the manner described 
above, and the ‘“‘ acid-soluble fraction ’’ was isolated and taken up in water (150 c.c.) for the 
determination of total nitrogen and ammonia nitrogen. Aliquot parts (1 c.c.) were analysed 
for nitrogen by the normal micro-Kjeldahl procedure (Found: 5-28 c.c. of 0-02N-hydrochloric 
acid = 1-48 mg. of nitrogen), from which it followed from the nitrogen content of the antibiotic 
that the “‘ acid-soluble fraction ’’ contained ca. 55% of the total nitrogen present in the 
substance. Aliquot parts (2 c.c.) were basified and steam-distilled as in the Kjeldahl determin- 
ation and the ammonia in the distillate was titrated (Found: 4-45 c.c. of 0-02N-hydrochloric 
acid = 1-24 mg. of nitrogen), from which it followed that volatile base (as ammonia) accounted 
for ca. 23% of the total nitrogen present in micrococcin P. 

All the ninhydrin-reacting substances were found to be released within the first 4 hr. of 
hydrolysis. 

Oxidation of the Substance C,H,,0O,N,S with Alkaline Potassium Permanganate.—The hydro- 
chloride CgH,,0,N,S,HCl1 (100 mg.) was dissolved in 0-1N-sodium hydroxide (5 c.c.) and treated 
dropwise at room temperature with 2% aqueous potassium permanganate solution until a pink 
tinge, stable for 5 min., was observed (Required: 2-25 c.c., i.e., 45 mg. of potassium perman- 
ganate = 1 at. of oxygen per mol. of CgH,,0,N,S). The precipitated manganese dioxide was 
just dissolved by the passage of sulphur dioxide, and the clear solution so obtained was 
continuously extracted with ether for 2 hr. Evaporation of the dried extract afforded a 
crystalline solid (60 mg.) and crystallisation from chloroform-light petroleum gave colourless 
plates, m. p. 153—155° (Found : C, 48-0; H, 4-5; N, 7-3; S, 16-3. C,H,O,NS requires C, 48-2; 
H, 4:5; N, 7-1; S, 16-1%). Light absorption, (a) ultraviolet: Amax, 285 my (log ¢ 3-76) ; 
(b) infrared: vmax, 1680(s), 1475(m), 1455(m), 1400(m), 1390(m), 1370, 1335(s), 1280, 1240(s), 
1220(s), 1165(m), 1105(m), 960(s), 920(s), 885(m), 835(m), 770, 750(s) cm.-1. The substance was 
subsequently shown by m. p., mixed m. p., and light absorption to be identical with the 
authentic 2-isobutyrylthiazole-4-carboxylic acid (VIII) described below. 

The compound C,H,O,NS (45 mg.) was dissolved in 3n-sulphuric acid (5 c.c.) and the 
mixture was heated in a sealed tube at 180° for 8 hr. After cooling, the solution was steam- 
distilled until the distillate was no longer acidic, and continuous ether-extraction of the residual 


1® West and Carter, J. Biol. Chem., 1937, 119, 109. 
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solution afforded thiazole-4-carboxylic acid (ca. 10 mg.), identified by its m. p. and infrared 
absorption spectrum. 

Action of Nitrous Acid on the Substance Cg,H,,0,N,S,HCl.—A solution of the hydrochloride 
(120 mg.) in water (10 c.c.) containing concentrated hydrochloric acid (0-1 c.c.) was cooled in ice 
and treated with a solution of sodium nitrite (40 mg.) in water (1-5 c.c.). After 30 min. the 
mixture was continuously extracted with ether. The extract, dried and evaporated, gave a 
colourless solid (35 mg.), which separated from ether-light petroleum in prisms, m. p. 135— 
137°, [«]p 0-0° (c 0-4 in H,O). The infrared absorption spectrum and m. p. were identical with 
those of the authentic (-)-2-(l1-hydroxy-2-methylpropyl)thiazole-4-carboxylic acid (X) 
described below. 

Synthesis of 2-isoButyrylthiazole-4-carboxylic Acid (VIII).—(i) «-Benzoyloxyisovaleronitrile. 
isoButyraldehyde (24 g.), benzoyl chloride (47 g.), and powdered potassium cyanide (22 g.) 
were shaken with crushed ice (500 g.) for 1 hr., following the general procedure of Olin and 
Johnson; 18 a low-melting crystalline solid separated. The product was recovered in chloro- 
form, washed with aqueous sodium hydrogen carbonate, dried, and fractionated, affording 
a-benzoyloxyisovaleronitrile (51 g., 75%), b. p. 113—116°/1 mm., n# 1-5045 (Found: C, 70-7; 
H, 6-2; N, 6-8. C,,H,,0,N requires C, 71-0; H, 6-4; N, 69%). The substance crystallised 
at 0°. 

(ii) «-Benzoyloxyisovalerothioamide. Hydrogen sulphide was bubbled for 24 hr. through a 
solution of the preceding nitrile (20-3 g.) in absolute alcohol (30 c.c.) containing triethanolamine 
(2 g.). The mixture was then poured into water (200 c.c.), a crystalline solid separating. After 
standing overnight the precipitate was collected, and recrystallisation from aqueous methanol 
afforded «-benzoyloxyisovalerothioamide as fine needles or plates (23-5 g.), m. p. 105—106° 
(Found : C, 60-7; H, 6-6; N, 5-7. C,,H,,0O,NS requires C, 60-8; H, 6-3; N, 5-9%). 

(iii) 2-(1-Hydroxy - 2-methylpropyl)thiazole -4-carboxylic acid. a«-Benzoyloxyisovalerothio- 
amide (2-37 g.) was condensed in the manner described above for the lower homologue with 
ethyl bromopyruvate (1-95 g.), and the resulting crude ethyl 2-(1-benzoyloxy-2-methylpropy])- 
thiazole-4-carboxylate was a reddish-brown oil (3-1 g.). It was dissolved in ethanol (10 c.c.) 
and treated with ethanolic potassium hydroxide (1-0 g. in 5c.c.). The solution was kept over- 
night and then evaporated to dryness on the steam-bath. The residue was taken up in water 
and freed from a small quantity of insoluble oil by extraction with ether. The aqueous phase 
was then acidified and extracted once with an equal volume of ether. The extract, dried and 
evaporated, gave an oil which solidified when scratched. It was extracted six times with 
boiling light petroleum to remove benzoic acid, and the ultimate residue was crystallised from 
ether-light petroleum, affording (-+)-2-(l-hydroxy-2-methylpropyl)thiazole-4-carboxylic acid (X) 
as prisms (0-45 g.), m. p. 134—135°, subsequently raised to 136—138°. The remaining aqueous 
solution was continuously extracted with ether for 2 hr., affording a further quantity (0-54 g.) 
of the same substance (Found: C, 47-8; H, 5-8; N, 6-7. C,H,,0O,NS requires C, 47-8; H, 
5-5; N,7-0%). Light absorption, (a) ultraviolet: A,,,, 235 my (log « 3-80); (6) infrared: vz. 
1705(s), 1495(m), 1390(m), 1375(m), 1220(s), 1100(m), 1045(m), 1015(m), 950, 865, 810, and 
740(m) cm.-!. The compound was identical with the product obtained by the action of nitrous 
acid on the substance Cg,H,,0,N,S,HCl (above). 

(iv) The preceding substance (0-5 g.) was oxidised in acetic acid with sodium dichromate in 
the manner described for the lower homologue (above), affording, on isolation, an oil (0-22 g.), 
which readily crystallised. Recrystallisation from chloroform-light petroleum gave 2-iso- 
butyrylthiazole-4-carboxylic acid as plates, m. p. 153—154° (Found: C, 48-4; H, 4:5; N, 6-7. 
C,H,O,;NS requires C, 48-2; H, 4-5; N, 7-0%). 


The authors are indebted to Dr. A. T. James for the identification of propionic acid by 
vapour-phase partition chromatography, and to Dr. D. F. Elliott for specimens of L-threonine 
and p-allothreonine. 
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138. Conjugated Macrocycles. Part XXVIII.* Adducis from Di- 
iminoisoindoline and Arylene-m-diamines, and a New Type of Cross- 
conjugated Macrocycle with Three-quarters of the Chromophore of 
Phthalocyanine. 

By J. A. Etvipce and J. H. GOLDEN. 


Yellow adducts are formed from 2 mols. of di-iminotsoindoline (I) 
with 1 mol. of the diamines, m-phenylenediamine, 2 : 6-diaminopyridine, 
and 2:4-diaminotoluene. The first adduct (IV) in boiling butanol gives a 
mixture of the known benzene macrocycle (III) and a new red macrocycle 
(V), which has three ‘‘ isoindole’’ units in the molecule. The macrocycles 
(III) and (V) are obtained separately by condensation of the adduct with 
m-phenylenediamine and with di-iminoisoindoline. The other two adducts 
(IXa) and (IXb) respectively yield, under various conditions, only the 
known 2: 6-pyridine macrocycle (XIa) and a related toluene macrocycle 
(XIb). However, the product (X), derived from the condensation of 2 mols. 
of di-iminoisoindoline with one of diaminotoluene, condenses with di-imino- 
isoindoline to yield the homologous red macrocycle (XII). 

Structures and stereochemistry are discussed and light absorptions given. 

Metal-containing products from the new macrocycles (V) and (XII) are 
described. 


DI-IMINOiSOINDOLINE (I) and m-phenylenediamine (II) condense together in boiling butanol, 
with evolution of ammonia, to give the yellow benzene macrocycle (III) in excellent yield.? 
Clark! observed that when solutions of the two reactants (I) and (II) were mixed in the cold, 
a different product separated without the formation of ammonia. He found that heating 
of this in butanol gave a mixture of the benzene macrocycle (III) and a new red compound. 

We have shown that the yellow intermediate is an adduct, perhaps best represented by 
the structure (IV). Similar adducts are formed from di-iminoisoindoline (I) with 2 : 6-di- 
aminopyridine and 2: 4-diaminotoluene. The red compound we have identified as the 
aza-linked cross-conjugated macrocycle (V) in which there are one benzene and three 
“‘isoindole’”’ corner units. This can conveniently be named the tri/soindole-benzene 
macrocycle. In extension, the homologous tritsoindole-toluene macrocycle ¢ (XII) has 
been prepared and also the 2 : 4-toluene macrocycle ¢ (XIb) in which there are two opposed 
toluene corner units and two isoindoline corners. 

The new tritsoindole macrocycles (V) and (XII) are cross-conjugated and bear an 
interesting structural relation to the fully conjugated tribenzotetrazaporphin and phthalo- 
cyanine on the one hand and the cross-conjugated benzene macrocycle (III) on the other. 

Adducts.—From a cold ethanolic solution of equimolecular quantities of di-iminoiso- 
indoline (I) and m-phenylenediamine (II) a yellow adduct separated slowly in about 25%, 
yield by weight. Its elementary analysis fitted both of the formule C,,H,,;N, and 
Cy9H,.N, which correspond to 1: 1 and 2: 1 molecular associations of the components (I) 
and (II). The subsequent finding that better yields (50—60%) of the adduct were given 
by 2:1 mol. proportions of the reactants made the second formula the more likely. 
Determinations of molecular weight by a modified Barger method ? failed to provide a 
decision. 

However, good evidence for the C,, formula was subsequently obtained. The adduct 
was very labile to acids. Thus in ethanol with picric acid it yielded 1-88 mols. of insoluble 
di-iminoisoindoline picrate, whilst with dilute hydrochloric acid it afforded 1-94 mols. of 

* Part XXVII, J., 1955, 3536. 

+ These trivial names are derived by extension of an earlier simple nomenclature. 


1 Clark, Elvidge, and Linstead, J., 1954, 2490. 
1¢ Clark, unpublished work. 
2 Niederl, Kasanof, Kisch, and Subba Rao, Mikrochemie, 1949, 34, 132. 
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phthalimide together with 0-91 mol. of m-phenylenediamine. Further, the electrometric 
titration characteristics of the adduct, compared with those of the separate components 


(I) and (II) which behave as monoacid bases, agreed with the 2: 1 molecular association 
(see Table 1). 


TABLE 1. Electrometric titrations at M/800 in 80°% 2-methoxyethanol with nN /20-HC1 
in the same solvent. 


Compound Equivs. of acid added to reach inflexion 
(TE) seccsccccseccccescsscesccensosersecs 1 


1 
Adduct from (I) and (II) ......... 2,3 
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40, 4-87 
Moreover, di-iminotsoindoline (I) and the m-diamines, 2: 6-diaminopyridine and 
2 : 4-diaminotoluene, formed similar adducts for which the elementary analyses were in 
unambiguous agreement with 2 : 1 molecular compositions. These were supported by mild 
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hydrolysis of each adduct to 2 mols. of phthalimide and 1 mol. of diamine. Additionally, 
the adduct from 2 : 6-diaminopyridine was split in ethanol by picric acid to give 2 mols. 
of the di-imine picrate. 

Di-iminoisoindoline (I) did not form adducts in the cold with other amines examined. 
Thus m-aminoacetanilide, aniline, and §-naphthylamine afforded only the known 
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mono-condensation products (VI; R = m-C,H,NHAc, Ph, and 2-C,,H,, respectively).*4 
2 : 7-Diaminonaphthalene with the di-imine likewise yielded a monocondensation product 
(VI; R = C,gH,*NH,), the structure of which followed from (1) its hydrolysis to 2 : 7-di- 
aminonaphthalene and phthalimide in equivalent quantities, and (2) its self-condensation 
in boiling ethanol to the naphthalene macrocycle 1 (XI; R = 2:7-naphthylene). Inability 
to form adducts resulted, also, from modification of the di-imine component, and 1-imino- 
3-phenyliminoisoindoline (VI; R = Ph) failed to interact with m-phenylenediamine at 
room temperature. 

The fine structure of the yellow adduct from di-iminozsoindoline and m-phenylene- 
diamine seemed best represented as (IV). By analogy, the adducts from 2 : 6-diamino- 
pyridine and 2 : 4-diaminotoluene are given the structures (IXa and b). 

Alternatives to structure (IV) were the open-chain di-amidine tautomer (VII), and 
molecular complex structures, either of the naphthalene picrate or the quinhydrone type, 
but these were discounted. Thus the di-amidine (VII) should not be split easily to the 
compounds (I) and (II) by mild acid treatment. Rather would it be expected to cyclise 
to the imidine derivative (VIII), analogously to the ready cyclisation of succindiamidine 
dihydrochloride to succinimidine hydrochloride.’ The molecular complex structures for 
the adducts were militated against by their ultraviolet absorptions (see Table 2), which are 
neither summation nor complicated spectra. The infrared absorption is of little help, 
structurally: Table 3 includes infrared data for the compound (VI; R = Ph) for 
comparison. 


TABLE 2. Ultraviolet and visible light absorptions. 


Ama. Amax. 
Compound Solvent (A) EiS ce Compound Solvent (A) é 
(I) MeOH 2510)4 (X) MeOH 2250 68,100 
25605 860 12,500 2580 28,400 
3030 318 4,600 3280 
(11) , 24202 925 10,000 3400 3 500 
3030 278 3,000 Toluene macro- EtOH 2260 83,900 
Adduct from (I) = 2420 850 33,800 cycle (XIb) 2470 41,000 
and (II), (IV) 2920* 212 8,400 3300 19,100 
2 : 6-Diamino- a 2470 _ 7,700 Benzene macro- MeO-(CH,],,OH 2280f 77,200 
pyridine 3120 - 8,200 cycle (III) 2620 35,200 
Adduct (IXa) me 2470 — 38,000 3340 19,200 
3040 * 16,000 Triisoindole 
(IXb) cm 2500 — 33,400 macrocycles : 
3010 * . 11,500 (V) CHCl, 2600 51,100 
(VI; R= - 2400 — 68,400 3445 35,000 
C4 H,"NH,) 3530 — _ 11,700 5070 5,300 
(VIII) * EtOH 2260 — 65,500 (XII) ” 2620 49,400 
2550 : 31,300 3500 36,700 
3050 - 12,700 5420 6,100 
3460 — 9,100 


* Tailing into the visible causes the yellow colour. f Cf. ref. 1. 


The chemical properties of the adducts were not inconsistent with the structures (IV), 
(Xa), and (LXb). 

In the absence of acid, the adduct (IV) was comparatively stable, and after it had been 
heated in boiling ethanol for 1-5 hr., 32% was recovered. In contrast, when a2: 1 mixture 
of the components (I) and (II) was heated similarly, ammonia was rapidly evolved, and 
subsequently some benzene macrocycle (III) and the 3-unit condensation product ® (VIII) 
were isolated. The adduct (IXb) from diaminotoluene was evidently less stable and more 
ready to eliminate the elements of ammonia than the phenylenediamine adduct (IV). An 

* Clark, Elvidge, and Golden, J., 1956, 4135. 

* Clark, Elvidge, and Linstead, J., 1953, 3593. 


5 Pinner, Ber., 1883, 16, 352; see Elvidge and Linstead, J., 1954, 442. 
* Baguley and Elvidge, following paper. 
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ethanol solution containing 2 mols. of di-iminotsoindoline (I) and 1 mol. of 2 : 4-diamino- 
toluene deposited the yellow adduct (IXb), C,,;H,,N,, in only 6% yield in 2 days, but 
during the next week the 3-unit condensation product (X), C,3H,,N,, separated in good 
yield. The structure of the latter was confirmed by the similarity of its light absorption 
to that of compound (VIII) (Table 3) and by its hydrolysis to 2 mols. of phthalimide and 
1 mol. of 2 : 4-diaminotoluene. 


TABLE 3. Infrared absorptions (Nujol mulls). 


Compound Principal max. (cm.~) Assignment 
| ee 3145, 3106 NH stretching, H-bonded . . . (i) 
1626, 1597, 1527 C:N stretching, Ph in-plane vibra- 
tion, NH deformation . . . (:i) 


1304, 1256, 1213, 1170, 1152, 1131, 1060, 1009, 
875, 840, 772, 705, 691 


Adduct (IV) ... 3356, 3155 NH,, NH stretching 
1643, 1603, 1527 (ii) 
1344, 1326, 1307, 1251, 1195, 1170, 1159, 1144, 
1131, 1069, 1005, 866, 840, 771, 695 
(VI; R=Ph) 3145 (i) 
1686, 1631; 1592, 1527 (ii) 
1324, 1283, 1209, 1157, 1148, 1121, 1094, 1060, 
1021, 905, 830 


Macrocycles—When the m-phenylenediamine adduct (IV) was heated to a higher 
temperature, in boiling butanol, ammonia was evolved rapidly and a dark red solid, 
C39H,,N,, separated in about 43% yield (by weight) : from the filtrate, the known yellow 
benzene macrocycle } (III) was isolated in comparable yield. Heating the adduct (IV) 
with 1 mol. of m-phenylenediamine (II) gave the benzene macrocycle (III) alone in 80% 
yield (obtained as the dihydrate), whilst heating the adduct (IV) with 1 mol. of di-imino- 
isoindoline (I) produced the red compound in over 70% yield. These observations, and 
the elementary analysis, indicated that the red compound was the trissoindole-benzene 
macrocycle (V) and not an open-chain compound. The cross-conjugated macrocyclic 
structure (V) is derived formally by the condensation 3C,H,N, + CgH,N, —® C39H,,N, 
+- 4NHsg, and, in agreement, hydrolysis with aqueous acid (which proceeded easily) afforded 
phthalimide and m-phenylenediamine in the molecular proportions of 3: 1, viz., Csg5Hy,N, 
+ 6H,O —» 3C,H,O,.N + C,H,N, + 2NH, (cf. ref. 1). The molecular weight of the 
red compound was not obtained because of its low solubility and particularly its instability 
in boiling solvents. However, analogy with known cross-conjugated macrocycles 74 
leaves little doubt that structure (V) is correct : a larger ring structure is most unlikely. 

The triisoindole-benzene macrocycle (V) is obtained as felted burgundy-red needles, 
best by rapid crystallisation from nitrobenzene. Although the macrocycle melts at 353° 
with decomposition, it is much less stable thermally than the symmetrical cross-conjugated 
macrocycles, such as (III), and it decomposes more or less rapidly to tars when boiled in 
pyridine, morpholine, dioxan, nitrobenzene, or dimethylformamide. Unexpectedly, 
solutions of the macrocycle (V) in these solvents decomposed slowly even at room 
temperature, but in chloroform solution the macrocycle was apparently indefinitely stable. 
The macrocycle was also stable to acetic acid and to boiling aqueous sodium hydroxide, 
but it was destroyed rapidly by formic acid and by concentrated sulphuric acid. 

The burgundy-red colour of the new macrocycle (V) and its solutions results from a 
low-intensity absorption band at 5070 A (see Table 2). This is evidently a characteristic 
of the aza-linked tritsoindole chromophore, which is in a sense three-quarters of the chromo- 
phore of phthalocyanine. However, more than a superficial comparison can hardly be 
made because in phthalocyanine and the related tribenzotetrazaporphin ® this chromophore 
is part of a fully conjugated cyclic system. 


7 Elvidge and Linstead, J., 1952, 5008. 
® Elvidge and Linstead, /., 1955, 3536. 
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Attempts to prepare other macrocycles of the type (V) met with only limited success. 
Thus, heating the 2: 6-diaminopyridine adduct (IXa), alone or with di-iminosso- 
indoline (I), gave only the 2 : 6-pyridine macrocycle’ (XIa). Similarly, the 2 : 4-diamino- 
toluene adduct (IXb) yielded only the analogous yellow macrocycle (XIb), in which 
opposite pairs of corner units are isoindoline and toluene residues. The structure of this 
2 : 4-toluene macrocycle (XIb) followed from (1) its synthesis in good yield by the direct 
condensation of equimolecular proportions of di-imino#soindoline (I) and 2 : 4-diamino- 
toluene, (2) the elementary analysis, (3) its hydrolysis (which required moderately vigorous 
conditions) to phthalic acid and diaminotoluene in high yields and equivalent proportions 
(cf. ref. 1), and (4) the close similarity of its ultraviolet absorption to that of the benzene 
macrocycle (III) (see Table 2). Like the known cross-conjugated macrocycles of the type 
(III), the toluene macrocycle (XIb) formed solvates readily. 

Thus, in contrast to the m-phenylenediamine adduct (IV), the adducts (I[Xa and b) did 
not react directly with di-iminoisoindoline dissociated but very readily into their 
components, which then condensed together to give the most stable possible products, viz., 
the macrocycles (XIa and b) respectively. 

However, the 3-unit condensation product (X), which was formed slowly from the 
diaminotoluene adduct (IXb) in solution, was considerably more stable than this adduct, 
and in boiling butanol condensed smoothly with di-imino/soindoline, giving the dark red 
tritsoindole-toluene macrocycle (XII) in over 70% yield. 
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The macrocyclic structure (XII) for this product followedfrom the preparation, the 
elementary analysis, and the hydrolysis with aqueous hydrochloric acid to 3 mols. of 
phthalimide and 1 mol. of 2: 4-diaminotoluene. This homologous macrocycle resembled 
the tritsoindole-benzene macrocycle (V) in being easily hydrolysed, in not forming solvates, 
and in decomposing in solvents other than chloroform. Presumably the virtually complete 
insolubility of the new macrocycles (V) and (XII) in boiling butanol is a protection during 
their preparation. 

The tritsoindole-toluene macrocycle (XII) is a shade darker red than the lower homo- 
logue (V) as a result of a bathochromic shift of the visible absorption band to 5420 A. 
This may be attributed to a hyperconjugative effect of the methyl substituent. 
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The stereochemistry of the two toluene macrocycles (XIb) and (XII) merits comment. 
If the molecules are planar, then there are two forms of the macrocycle (XIb), positionally 
isomeric with respect to the two methyl substituents, but only one form of the macrocycle 
(XII). However, an X-ray crystallographic study of the 2 : 6-pyridine macrocycle (XIa) 
has shown that its molecule is non-planar, the pyridine and isoindoline corner units 
being tilted, alternately, some 20° above and below the plane of the central hole.® The 
toluene macrocycle (XIb) would be expected to be similarly non-planar. If this is so then 
there are three different steric forms of the molecule (XIb), two of which are related as 
mirror images. The amorphous toluene macrocycle (XIb) may therefore be a mixture of 
meso- and racemic forms. If the tritsoindole-toluene macrocycle (XII) is likewise non- 
planar, there are two mirror-image forms, so that this macrocycle may be a racemate. 
The racemic forms of the macrocycles (XIb) and (XII) would be resolvable only if the 
mirror image forms are not readily interconvertible through a planar state. 

The macrocycles and the intermediates (VI), (VIII), and (X) have potentially tautomeric 
molecules, and their fine structures have yet to be settled. 

The formation of metallic derivatives from the tri¢soindole macrocycles (V) and (XII) 
was of interest. The arrangement of nitrogen atoms about the central hole of their 
molecules differs from that in the porphyrins, azaporphins, and the cross-conjugated 
2 : 6-pyridine macrocycle (XIa). In the new macrocycles, there is presumably only one 
replaceable hydrogen atom, whilst there are two tertiary nitrogens available for 
co-ordination with a metal atom. Nevertheless, attempts to obtain complexes from (V) 
incorporating the univalent metals silver and sodium were unavailing. However, highly 
insoluble metal-containing products were obtained by the use of cuprous cyanide and the 
diacetates of copper, nickel, and cobalt. Because of the insolubility and insufficient 
thermal stability of these products, purification by chromatography, extractive crystal- 
lisation, or sublimation was not achieved. Consequently quantitative spectroscopic data 
were not obtained. However, in pyridine the approximate positions of the visible 
absorption maxima for the cobalt derivative were obtained as 5760, > 5390, 5100 A. The 
elementary analyses of the products are in very rough agreement for the monometallated 
macrocycles, the metal content being 1—3% low. The figures for C, H, N and metal 
total ca. 100° and the C: H: N ratios approximate to the C: H : N ratio for the metal-free 
macrocycle. This indicates that the products are unsolvated and free from anionic 
residues. It appears that some metal-free macrocycle is co-precipitated with the insoluble 
metal complex during the preparation. This is reminiscent of the mixed-crystal formation 
between phthalocyanine and tribenzotetrazaporphin.* The precise state of combination of 
the bivalent metals in the complexes from the new macrocycles (V) and (XII) remains to 
be determined. 


EXPERIMENTAL 


Analyses were by Mr. F. H. Oliver and his staff of the Microanalytical Laboratory, and 
measurements of ultraviolet light absorption by Mrs. A. I. Boston and of infrared absorption 
by Mr. R. L. Erskine of the Spectroscopic Laboratory of this Department. 

Adduct (IV) from m-Phenylenediamine and Di-iminoisoindoline.—(a) Preparation. Di-imino- 
isoindoline 11 (I) (14-5 g.) was dissolved in warm ethanol (125 c.c.), and m-phenylenediamine 
(5-4 g.; freshly distilled) was added with swirling and cooling of the solution. The solution 
became yellow and began to deposit yellow hexagonal platelets. After 24 hr., the 
m-phenylenediamine—di-(1 : 3-di-iminoisoindoline) adduct was collected and washed with ethanol 
and ether [yield 9-1 g.; m. p. 154° (decomp.)] (Found: C, 66-4; H, 6-0; N, 27-8. C,,H,.N, 
requires C, 66-3; H, 5-6; N, 28-1%). 

(b) Action of picric acid. A solution of the adduct (398 mg.) in methanol (5 c.c.) was added to 
picric acid (458 mg.) in ethanol (10 c.c.) at 40°, whereupon a dense yellow precipitate was formed. 
After the mixture had been cooled in ice for 10 min., the picrate was collected, washed thoroughly 

® Speakman, Acta Cryst., 1953, 6, 784. 


10 Grammaticakis, Bull. Soc. chim., 1951, 534. 
11 Elvidge and Linstead, J., 1952, 5000. 
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with ethanol, and dried [yield, 703 mg., 1-88 mols.; m. p. 295° (decomp.) undepressed by the 
picrate of di-iminoisoindoline]. Di-iminoisoindoline picrate, prepared in ethanol in 94% 
yield, was precipitated as yellow needles, m. p. 299° (decomp.) unchanged by crystallisation 
from a large volume of ethanol (Found: N, 22-8. C,,H,O,N, requires N, 22-5%). 

(c) Hydrolysis. The adduct (704 mg.) was dusted into boiling 2N-hydrochloric acid (12 c.c.). 
The solid became red and then dissolved to a colourless solution, cooling of which to 0° afforded 
needles of phthalimide (507 mg., 1-94 mols.), m. p. amd mixed m. p. 233°. The filtrate was 
treated with an excess of aqueous sodium hydroxide, and extracted with ether for 6 hr. On 
evaporation of the dried (Na,SO,) extract, m-phenylenediamine (174 mg., 0-91 mol.) was 
obtained, identified as the picrate, m. p. and mixed m. p. 183° (conversion yield, 67%). 

Adduct (IXa) from 2: 6-Diaminopyridine——(a) Preparation. A solution of di-iminoiso- 
indoline (I) (2-9 g.) in hot ethanol (30 c.c.) was filtered into ethanolic 2 : 6-diaminopyridine 
(1:09 g. in 5 c.c.). After 24 hr. at 0°, the 2: 6-diaminopyridine—di-(1 : 3-di-iminoisoindoline) 
adduct had separated as yellow prisms (1-1 g.), m. p. 160—161° (decomp.) (Found: C, 63-1; 
H, 5-4; N, 31-6. C,,H,,N, requires C, 63-1; H, 5-3; N, 31-6%). 

(b) Action of picric acid. Addition of picric acid (500 mg.) in ethanol (25 c.c.) to a solution 
of the adduct (100 mg.) in ethanol (40 c.c.) precipitated di-iminoisoindoline picrate (138 mg., 
1-47 mols.), m. p. and mixed m. p. 300° (decomp.). 

(c) Hydrolysis. The adduct (223 mg.) was warmed with 2n-hydrochloric acid (3 c.c.) for 
2 min. and the resulting colourless solution cooled in ice. Needles of phthalimide separated 
(157 mg., 1-92 mols.), having m. p. and mixed m. p. 235°. The filtrate was made alkaline with 
sodium hydroxide and extracted with ether for 24 hr. Evaporation of the extract afforded 
2 : 6-diaminopyridine (50-5 mg., 0-83 mol.), m. p. and mixed m. p. 118°. 

Reaction of 2:4-Diaminotoluene with Di-iminoisoindoline: Adduct and Condensation 
Product.—A solution of the di-imine (5-8 g.) in ethanol (45 c.c.) was mixed with the diamine 
(2-44 g.) in ethanol (15 c.c.). During 2 days, small yellow prisms of the 2 : 4-diaminotoluene— 
di-(1 : 3-di-iminoisoindoline) adduct (IXb) separated (0-47 g.); they had m. p. 146—147° 
(decomp.) after being washed with ethanol and ether (Found: C, 66-9; H, 6-0; N, 27-0. 
C,3;H,,N, requires C, 67-0; H, 5-9; N, 27-2%). During the next 7 days, the filtrate deposited 
yellow prisms of 2 : 4-di-(1-imino-3-isoindolinylideneamino) toluene (X) (4g.), m. p. 255° (decomp.) 
raised to 259° (decomp.) by extractive crystallisation from benzene (Found: C, 72-6; H, 5-0; 
N, 22:3. C,;H,,N, requires C, 73-0; H, 4-8; N, 22-2%). 

Hydrolysis of the Diaminotoluene Adduct—Warming of the adduct (IXb) (83 mg.) with 
2n-hydrochloric acid (1 c.c.) for 2 min. gave a colourless solution which soon deposited needle- 
shaped crystals. Filtration of the mixture, after it had been kept at 0° overnight, afforded 
phthalimide (48-5 mg., 1-64 mols.), m. p. and mixed m. p. 235°. The filtrate was made alkaline 
with aqueous sodium hydroxide and extracted with ether for 48 hr. Evaporation of the extract 
gave 2: 4-diaminotoluene (17-2 mg., 0-70 mol.), m. p. and mixed m. p. 96°. 

Hydrolysis of the Condensation Product (X).—During 5 min., the compound (245 mg.) reacted 
with hot 2n-hydrochloric acid (3 c.c.) to give a colourless solution. When cooled to 0°, this 
deposited phthalimide (179 mg., 1-88 mols.), m. p. and mixed m. p. 233°. From the filtrate, by 
addition of aqueous sodium hydroxide and extraction with ether for 24 hr., 2: 4-diamino- 
toluene (75 mg., 0-95 mol.) was isolated, having m. p. 97° and mixed m. p. 99° 

Reactions of Other Amines with Di-iminoisoindoline in the Cold.—(a) With m-aminoacetanilide. 
Di-iminoisoindoline (1 g.) and m-aminoacetanilide }* (1 g.) were dissolved together in ethanol 
(20 c.c.). During 3 days ammonia was formed and pale-yellow needles separated. The 
product (0-96 g.) had m. p. 240—241° (decomp.), unchanged by crystallisation from ethanol 
and undepressed by 3-m-acetamidophenylimino-1-iminoisoindoline * (VI; R = m-C,H,NHAc), 
m. p. 240—241° (decomp.). 

(b) With aniline. Aniline (0-64 g.) was added to a cold solution of di-iminoisoindoline 
(1 g.) in a minimum of ethanol. After 20 hr., the deep-yellow solution (odour of ammonia) was 
concentrated under reduced pressure. The crystalline precipitate (0-53 g.) had m. p. 202° 
(decomp.) undepressed by 1-imino-3-phenyliminoisoindoline* (VI; R = Ph), m. p. 203° 
(decomp.). 

(c) With B-naphthylamine. Solutions of 8-naphthylamine (3 g.) and di-iminoisoindoline 
(3 g.) in ethanol (15, 45 c.c. respectively) were mixed and kept at 0° for 2 days. §-Naphthyl- 
amine (0-25 g.) separated and the filtrate was concentrated under reduced pressure to 20 c.c. 

12 Jacobs and Heidelberger, J. Amer. Chem. Soc., 1917, 39, 1447. 
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and cooled inice. Yellow 1-imino-3-2’-naphthyliminoisoindoline (VI; R = 2-C,,H,) separated 
(1-8 g.), having m. p. and mixed m. p. 203° (decomp.).4 

(d) With 2: 7-diaminonaphthalene. The diaminonaphthalene (3-16 g.) was dissolved in a 
warm solution of di-iminoisoindoline (5-8 g.) in ethanol (55 c.c.). Overnight, diamino- 
naphthalene (0-85 g.) crystallised, but from the yellow filtrate, during a further 2 days, 
3-(7-amino-2-naphthylimino)-1-iminoisoindoline (VI; R =C,)H,*NH,) separated as yellow 
needles (0-36 g.), m. p. 225—226° (decomp.), which contained some ethanol of crystallisation 
(Found: C, 74-5, 74-7; H, 5-4, 5-2; N, 18-9. C,,H,,N,,}C,H,;*OH requires C, 74-6; H, 5-3; 
N, 18-8%). 

Hydrolysis of the preceding compound (225 mg.) with boiling 2N-hydrochloric acid (4 c.c.) 
for 2—3 minutes, and cooling of the solution in ice, afforded phthalimide (115 mg., 0-99 mol.), 
m. p. and mixed m. p. 234°. The filtrate was made alkaline with sodium hydroxide whereupon 
2: 7-diaminonaphthalene crystallised and this was collected and washed with water; yield 
95 mg. (0-77 mol.) ; m. p. and mixed m. p. 164°. 

The 3-(7-amino-2-naphthylimino)-l-iminoisoindoline (470 mg.) was boiled in ethanol 
(25 c.c.) for 24 hr., during which ammonia was evolved and a yellow solid separated. Next 
day, the latter was washed with boiling ethanol and with ether, and was dried, to yield the 
naphthalene macrocycle (XI; R = 2: 7-C,)H,) (230 mg., 52%), m. p. and mixed m. p. ca. 
500° (decomp.).? 

Attempt to Form an Adduct from 1-Imino-3-phenyliminoisoindoline (VI; R = Ph).— 
m-Phenylenediamine (1-1 g.) was dissolved in a solution of the imidine derivative ¢ (4-4 g.) in 
ethanol (100 c.c.). After being kept at 0° overnight, 1-imino-3-phenyliminoisoindoline (2-1 g.), 
m. p. 210° (decomp.), was recovered. Concentration of the filtrate and cooling afforded a 
second, less pure, crop of the monophenyl-imidine. 

Effect of Gentle Heat on the m-Phenylenediamine Adduct (IV).—The adduct (500 mg.) was 
boiled in dry ethanol (50 c.c.) for 1-5 hr., during which ammonia was slowly evolved. The 
yellow solution was then concentrated under reduced pressure to 5 c.c. and cooled at 0° for 3 
days. Slightly impure adduct separated (158 mg., 32%), having m. p. 135° (decomp.) and 
mixed m. p. 145° (decomp.). 

Effect of Heat on a 2: 1 Mixture of Di-iminoisoindoline and m-Phenylenediamine.—A mixture 
of di-iminoisoindoline (5-6 g.) and m-phenylenediamine (2-1 g., 0-5 mol.) was added to boiling 
ethanol (700 c.c.). Ammonia was evolved rapidly. After 2 hr., the yellow solution was 
concentrated under reduced pressure to a small bulk and then kept at 0°, after which a yellow 
crystalline solid separated [6-2 g.; m. p. 275° (decomp.) with darkening from 210°]. Several 
crystallisations of a portion from ethanol afforded the benzene macrocycle (III), as small yellow 
needles, m. p. 375° and mixed m. p. 378—380°.1 

A second portion of the product was chromatographed in ethanol on alumina (Spence, type 
H), and the later eluates were collected and evaporated. From dimethylformamide—benzene, 
1 : 3-di-(1-imino-3-isoindolinylideneamino) benzene (VIII) crystallised as golden yellow prisms, 
m. p. and mixed m. p. 265—270° (decomp)* (depending on the rate of heating) [Found: N 
(on air-dried material) 20-0, (on material dried at 130°/10°* mm.) 22-85. Calc. for 
C.sH,.N,,3H,O; N, 20-1. Calc. forC,.H,,.N,: N, 23-:1%]. 

Conversion of the m-Phenylenediamine Adduct (IV) into Macrocycles——(a) The adduct (IV) 
(2 g.) was boiled in butanol (40 c.c.) for 24 hr. Ammonia was evolved rapidly at first, and a red 
solid separated [0-87 g.; m. p. 348° (decomp.)]. Several rapid recrystallisations from nitro- 
benzene afforded the triisoindole-benzene macrocycle (V) as felted burgundy-red needles, m. p. 
353° (decomp.) (Found: C, 76-0; H, 3-7; N, 20-6. C3,9H,,N, requires C, 75-8; H, 3-6; 
N, 20-6%). The yellow filtrate, on cooling, slowly deposited a yellow solid (0-6 g.), m. p. 348°. 
Recrystallisation from ethanol gave yellow needles of the benzene macrocycle (III) dihydrate, m. p. 
365° (Found: C, 70-8; H, 5-0; N, 17-3. C,,H,,N,,2H,O requires C, 70-8; H, 4-7; N, 17-7%), 
which on sublimation at 300°/20 mm. afforded the benzene macrocycle (III), m. p. and mixed 
m. p. 380° 1 (Found: N, 19-4. Calc. forC,,H,,N,; N, 19-2%). 

(b) The adduct (IV) (1 g.) and m-phenylenediamine (0-25 g., 1 mol.) were boiled together in 
butanol (25 c.c.) for 20 hr. The solution remained yellow and no solid was deposited. Ether 
(25 c.c.) was added and the solution kept at 0° overnight. Fine yellow needles separated 
(0-88 g., 80%), identified as benzene macrocycle (III) by mixed m. p. 

(c) The adduct (IV) (3 g.), di-iminoisoindoline (1-1 g., 1 mol.) and butanol (50 c.c.) were 
boiled together for 20 hr. Filtration of the hot solution gave the red tritsoindole-benzene 
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macrocycle (V) which was washed with ethanol and then dried [yield, 2-65 g., 74%; m. p. 
348° (decomp.)]. The reaction liquors were concentrated under reduced pressure to 10 c.c., 
diluted with ether (80 c.c.), and then kept overnight at 0°. Recrystallisation of the yellow 
precipitate from ethanol afforded yellow needles (0-36 g.) of the benzene macrocycle (III), 
identified by mixed m. p. 

Hydrolysis of the Macrocycle (V).—The macrocycle (392 mg.) was boiled with 2n-hydro- 
chloric acid (10 c.c.) for 5 min. and the mixture then kept at 0° overnight. Filtration yielded 
phthalimide (354 mg., 2-91 mol.), m. p. and mixed m. p. 233°. By addition of an excess of 
aqueous sodium hydroxide to the filtrate and extraction with ether for 9 hr., m-phenylenedi- 
amine (75 mg., 0-84 mol.) was isolated, and was then characterised as the picrate, m. p. and 
mixed m. p. 182°. 

Conversion of the 2: 6-Diaminopyridine Adduct (IXa) into the Macrocycle (XIa).—(a) The 
adduct (IXa) (1 g.) was boiled in butanol (8 c.c.) for 20 hr., during which ammonia was evolved. 
Cooling afforded the yellow hydrate of the 2 : 6-pyridine macrocycle (XIa) (0-44 g.), which was 
dried to the orange unsolvated form,’ m. p. and mixed m. p. 345°. 

(6) The adduct (IXa) (1-11 g.), di-iminoisoindoline (0-41 g., 1 mol.), and butanol (10 c.c.) 
were boiled together for 20 hr. Ammonia was evolved rapidly at first and a yellow solid 
separated (93 mg.). The latter was dried to give the orange 2: 6-pyridine macrocycle (XIa), 
m. p. and mixed m. p. 346°. 

2:4-Toluene Macrocycle (XIb).—(a) From the adduct (IXb). This adduct (206 mg.) and 
di-iminoisoindoline (73 mg.) were boiled together in butanol (3 c.c.) for 24 hr. Unidentified 
red solid (9-4 mg.) was removed and the yellow filtrate treated with ether (25 c.c.). The 
precipitated yellow solid (81 mg.) had m. p. 180° (decomp.), raised on recrystallisation from 
benzene to 318° (decomp.) undepressed by a specimen of the toluene macrocycle described 
next. 

(b) Conventional preparation (cf. ref. 1). Di-iminoisoindoline (2-9 g.), 2 : 4-diaminotoluene 
(2-44 g.), and butanol (50 c.c.) were heated together under reflux for 24 hr., during which 
ammonia was evolved. Concentration of the yellow solution to 10 c.c. and addition of ether 
(50 c.c.) caused precipitation of a yellow solid (2-31 g.), m. p. 210° (decomp.). Two extractive 
crystallisations from benzene gave the hydrated 2 : 4-toluene macrocycle (XIb) as an amorphous 
yellow powder (0-7 g.), m. p. 330° (decomp.) unchanged on further crystallisation from benzene 
(Found: C, 74-0; H, 5-2; N, 17-25. C,,H,.N,,H,O requires C, 74-4; H, 5-0; N, 17-4%); it 
was partially dehydrated at 100° (Found: C, 76-1; H, 5-0; N, 17-8. C3,H,.N,,4H,O requires 
C, 75-8; H, 4:8; N, 17-7%) and completely desolvated at 150°/10-* mm. in 16 hr. (Found: 
C, 77-5; H, 4-9; N, 17-8. Cy oH,.N, requires C, 77-2; H, 4-8; N, 18-0%). 

(c) Hydrolysis. The macrocycle (XIb) (152 mg.) was heated for 2 hr. under reflux with 
1: 1 concentrated hydrochloric acid—acetic acid (5 c.c.). The clear solution was concentrated 
to 1 c.c. and cooled in ice. Phthalic acid separated (103 mg., 1-91 mols.), m. p. and mixed m. p. 
(sealed tube) 197°. An excess of aqueous sodium hydroxide was added to the filtrate, which 
was then extracted with ether for 48 hr. to afford 2: 4-diaminotoluene (73 mg., 1-82 mols.), 
m. p. 97° and mixed m. p. 99°. 

Triisoindole-toluene Macrocycle (XII).—(a) Preparation. 2: 4-Di-(1-imino-3-isoindolinyli- 
deneamino)toluene (X) (824 mg.) and di-iminoisoindoline (290 mg.) were boiled together in 
butanol (10 c.c.). Ammonia was evolved, rapidly at first, and a red precipitate was formed. 
After 20 hr., the solid was collected and washed thoroughly with ethanol [yield, 700 mg., 72% ; 
m. p. 285° (decomp.)]. Several rapid recrystallisations from nitrobenzene yielded the ¢riiso- 
indole-toluene macrocycle as a dark red powder, m. p. 285° (decomp.) (Found: C, 75-8; H, 4-2; 
N, 19-8. C3,H,,N, requires C, 76-1; H, 3-9; N, 20-0%). No other solid product was isolated 
from the reaction liquors. 

(b) Hydrolysis. The macrocycle (XII) (223 mg.) was added during 10 min. to hot 2n-hydro- 
chloric acid (4 c.c.). On being kept cold, overnight, the colourless solution deposited phthal- 
imide (195 mg., 2-9 mols.), m. p. and mixed m. p. 235°. The filtrate was made alkaline with 
sodium hydroxide solution and extracted with ether for 48 hr. Evaporation of the extract 
gave 2 : 4-diaminotoluene (55 mg., 0-98 mol.), m. p. 97° and mixed m. p. 99°. 

Formation of Metal Derivatives—(i) When a solution of cuprous cyanide (0-5 g.) in boiling 
pyridine (50 c.c.) was filtered into a boiling solution of the triisoindole-benzene macrocycle (V) 
(0-5 g.) in pyridine (50 c.c.), dark brown needle-shaped crystals were precipitated. After the 
mixture had been boiled for 30 min., the insoluble, infusible, copper derivative (370 mg.) was 
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collected, extracted with boiling pyridine (2 x 50 c.c.), washed with ether (80 c.c.) and dried 
at 200°/10-§ mm. (Found : C, 67-4; H, 3-2; N, 18-8; Cu, 10-2. Calc. forC,9H,,N,Cu: C, 67-0; 
H, 3-0; N, 18-2; Cu, 118%). (ii) Similarly, cupric acetate afforded dark brown needles 
of a copper derivative (Found: C, 68-7; H, 3-2; N, 18-7; Cu, 9-2%) which was unchanged by 
being dried at 200°/10-® mm. for 12 hr. (Found : C, 68-8; H, 3:3; N, 19-2; Cu, 9-2%). 

(iii) Similarly, with nickel acetate, dark brown needles of an insoluble nickel derivative were 
obtained (Found : C, 69-5; H, 3-3; N, 19-1; Ni, 10-5. Calc. forC,,H,,N,Ni: C, 67-6; H, 3-0; 
N, 18-4; Ni, 11-0%). 

(iv) A solution of anhydrous cobalt acetate (0-8 g.) in dry methanol (50 c.c.) was filtered into 
a boiling solution of the tritsoindole-benzene macrocycle (V) (0-8 g.) in dry benzyl alcohol. The 
dark purple mixture was cooled and filtered, and the solid was washed with benzyl alcohol and 
digested with methanol. The cobalt derivative (210 mg.) was thus obtained as fine black 
needles, soluble in pyridine and quinoline, but not in other solvents (Found: C, 68-2; H, 3-2; 
N, 18-8; Co, 8-2. Calc. for C,3H,,N,Co: C, 67-5; H, 3-0; N, 18-4; Co, 11-05%). 

(v) Cupric acetate (0-5 g.) in boiling pyridine (100 c.c.) was filtered into a freshly boiling 
solution of the triisoindole-toluene macrocycle (XII) (0-5 g.) in pyridine (350 c.c.). Within 
2 min., the precipitate was collected and washed with boiling pyridine (100 c.c.) and then ether 
(200 c.c.). The copper derivative (354 mg.) formed dark brown needles with a blue reflex 
(Found : C, 68-5; H, 3-4; N, 18-2; Cu, 9-8. Calc. forC,,H,,N,;Cu: C, 67-4; H, 3-3; N, 17-8; 
Cu, 11-5%). ‘ 
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139. Heterocyclic Imines and Amines. Part VIII.* Identification of 
“* o-Cyanothiobenzamide”’ as 1-Imino-3-thioisoindoline, and tts Con- 
version with Amines into Macrocycles and Intermediates. 

By M. E. BaGuLey and J. A. ELVIDGE. 





The primary product from phthalonitrile and hydrogen sulphide is not 
o-cyanothiobenzamide ? (II) but is l-imino-3-thiotsoindoline (III). This is 
established by reactions and by infrared and ultraviolet absorption 
spectroscopy. The fine structure of the compound is discussed. 

Condensation of (III) and its S-methyl derivative (VIII) with aromatic 
and aliphatic amines has been studied briefly. Reaction can occur at one or 
both of the exocyclic functional groups of (III) and (VIII), whilst, with 
butylamine, (III) gives 2-butyl-1-butylimino-3-thioisoindoline (XVII), both 
the cyclic and the exocyclic imino-group having been displaced. With 
m-phenylenediamine and 2 : 6-diaminopyridine, 3-unit products (XXV) and 
(XXVI) are obtainable. Their conversion into cross-conjugated macro- 
cycles has been examined. 


THE addition of 1 mol. of hydrogen sulphide to phthalonitrile (I) has been reported by 
Drew and Kelly ! to give o-cyanothiobenzamide (II). We have found that this structure 
is incorrect : the product is actually an isomeric, heterocyclic compound, 1-imino-3-thio- 
isoindoline (III).2 Recently, workers at Farbenfabriken Bayer A.G. have stated this 
without giving details. We therefore present our evidence and discuss the fine structure 


* Part VII, J., 1956, 4135. 

1 Drew and Kelly, J., 1941, 630 (cf. Porter, Robinson, and Wyler, ibid., p. 620). 
* Baguley, Ph.D. Thesis, London, 1955. 

’ Baumann, Bienert, Résch, Vollmann, and Wolf, Angew. Chem., 1956, 68, 133. 
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of the compound. We have also examined briefly its potentialities for the preparation of 
macrocycles and their intermediates. 

The addition of hydrogen sulphide to phthalonitrile in the presence of sodium hydrogen 
sulphide gives, as described,’ mainly a compound C,H,N,S, together with some dithio-$- 
isoindigo from a concomitant bimolecular reduction. In the original reports } no conclusive 
evidence for the structure (II) for the primary product was presented. Drew and Kelly 
recorded that hydrolysis with aqueous acid gave monothiophthalimide (IV), via a presumed 
transient cyclic intermediate (III), and that hydrogen chloride added readily in 
boiling benzene to yield a product which was arbitrarily assigned the imino-chloride 
structure (V). 

It seemed to us that structure (V) was improbable. The hydrogen chloride product 
was more likely to be the hydrochloride of the cyclic base (III), particularly as in the oxygen 
series 0-cyanobenzamide (VI) with hydrogen chloride gives the hydrochloride of the imino- 
imide (VII). Indeed, treatment of the sulphur-containing hydrogen chloride product, 
C,H,N,CIS,H,O, with sodium carbonate or even water gavea base. Now this was identical 
with the primary compound from phthalonitrile and hydrogen sulphide, which meant that 
the compound very probably had the cyclic structure (III) and was not 0-cyanothiobenz- 
amide (II). 

Structure (III) accommodated well the mild hydrolysis to monothiophthalimide (IV). 
Moreover, mild oxidation with hydrogen peroxide and alkali gave iminophthalimide (VII), 
as was then expected, whilst methyl iodide and alkali yielded an S-methyl derivative 
(VIII) which was readily hydrolysed by aqueous acid to phthalimide (IX). 

Further structural evidence came from light-absorption measurements. 

In the infrared spectrum, the compound (in Nujol mull and in potassium bromide disc) 
shows no C=N stretching vibration. Strong absorption near 1664 cm.’ indicates C=N 
stretching, and a single intense band at 3135 cm.~ indicates N-H stretching in a secondary 
amino-group. The necessarily fixed-bond, S-methyl derivative has these same charac- 
teristics with C=N again absent. The parent compound and the derivative must therefore 
have the cyclic structures (III) and (VIII). A medium-intensity band near 1582 cm. in 
the spectrum of (III), which is absent from that of the S-methyl derivative (VIII), can be 
attributed > to the N-substituted thioamide grouping ~NH-C=S. Hence in the solid 
state, the potentially tautomeric molecule (III) exists in that bond form and not appreciably 
in the amino-form (X). There may be a small concentration of the thiol form (XI) present 
because there is very weak absorption at 2681 cm.-}- 

The ultraviolet absorption data afforded full support. Because the replacement of an 
oxygen by a sulphur auxochromic group in many chromophores results in a bathochromic 
shift of the pertinent ultraviolet absorption maximum by 450—500 A (with an increase 
in e),® the light absorptions of sulphur analogues can often be predicted from the data for 
the oxygen-containing compounds. Thus, as the imino-imide (VII) has a longest-wave- 
length absorption maximum at 2920 A,’ the sulphur analogue (III) would be expected to 
have a maximum at roughly 3400 A. On the other hand, from the data for benzonitrile ® 
and thiobenzamide (max. at 2650, 3700 A),® the acyclic o-cyanothiobenzamide structure 
(II) would be expected to show absorption maxima at about 2700 and 3700 A. In fact, 
the phthalonitrile-hydrogen sulphide product has an absorption maximum at 3450 A, 
which clearly points to the structure (III). The iminothio/soindoline form (III) evidently 
predominates in ethanol solution because the light absorption (Table) is similar to that 
for the fixed structure (XVII) (see below). The S-methyl derivative (VIII), which has a 


* Elvidge and Linstead, /., 1952, 5000. 

5 Randall, Fowler, Fuson, and Dangl, “ Infrared Determination of Organic Structures,” Van 
Nostrand Co., New York, 1949; Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,”” Methuen 
and Co., Ltd., London, 1954. 

* Braude, Ann. Reports, 1945, 42, 105. 

* Clark, Elvidge, and Linstead, J., 1953, 3593. 

® Scheibe, Ber., 1926, 59, 2617. 
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fixed imino-thioisoindolenine structure, has a very weak absorption maximum at the 
much longer.wavelength of 4360 A. 

Hence the phthalonitrile-hydrogen sulphide product, CgH,N,S, is undoubtedly cyclic 

* and evidently exists predominantly in the form (III) in the solid state and in ethanol 
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solution. Removal of a proton (by alkali) would be expected to yield an anion derived 
from the thiol form (XI), which would undergo methylation at the position of highest 
electron density : as expected, the product is the S-methyl derivative (VIII). 

Condensations.—Imidines have two reactive exocyclic functional groups and they can 
condense readily with 2 mols. of many an amine * * 1 11, 12 but comparatively few stepwise 
reactions have been achieved.” 112 The isoindole derivatives (III) and (VIII) have two 
reactive, but different, exocyclic functional groups, so the possibility of effecting step-wise 
condensations with these compounds appeared good. The hoped-for 2- and 3-unit 
products were required in connection with studies of macrocycle formation.1* 14 15 

Drew and Kelly } observed that the compound (III) condensed with aniline under mild 
conditions, to give 1-phenylimino-3-thiotsoindoline (XII; R = Ph), the imino-group 
reacting and being eliminated as ammonia. This we have confirmed. With 2-amino- 
pyridine, the analogous compound (XII; R = 2-C;H,N) was formed: its nature was 
confirmed by a preparation from dithiophthalimide (XIII) and 1 mol. of aminopyridine 
(this proceeded with elimination of hydrogen sulphide and was accompanied by a 
bimolecular reduction with formation of dithio-8-isoindigo). With 2 mols. of aniline and 
of 2-aminopyridine in boiling ethanol, compound (III) reacted at both functional groups 
to furnish the known disubstituted imidines*’ (XIV; R = Ph and 2-C,;H,N). The 
S-methyl derivative (VIII) did not react cleanly with 2-aminopyridine, butylamine, or 
morpholine, but with aniline at room temperature it gave the monophenyl-imidine (XV).’ 
Thus the S-methyl derivative (VIII) reacted preferentially at the sulphur functional group 
in contrast to the compound (III). 

* Burawoy, Ber., 1931, 64, 462. 

10 Elvidge and Linstead, J., 1954, 442. 

11 Ficken and Linstead, /., 1955, 3525; Linstead and Whalley, ibid., p. 3530. 

12 Clark, Elvidge, and Golden, J., 1956, 4135. 

13 Clark, Elvidge, and Linstead, J., 1954, 2490. 


14 Elvidge and Linstead, J., 1955, 3536. 
18 Elvidge and Golden, preceding paper. 
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With primary aliphatic amines, the iminothio/soindoline (III) underwent an unexpected 
reaction. Whereas in the presence of aqueous sodium hydroxide it reacted with butyl- 
amine to give the known monobutylimidine ? (XVI) with elimination of the elements of 
hydrogen sulphide, alone with butylamine in boiling ethanol it afforded a dibutyl deriv- 
ative, C,,H,.N,S, with elimination of ammonia. The structure (XVII) for this product 
was indicated by the reactions shown. Benzylamine similarly yielded a dibenzylated 
product, given the structure (XVIII; R = CH,Ph, R’ =S) by analogy. Oxidation of 


(IIT) (VIII) 


5 ‘YY oONR NR y NH 
NH —> NH —> OO «i. OO 
S S _ NR NPh 
(X11) (X11) (XIV) (XV) 


Reagents: I, NH,R. 2, NH,Ph, R = Ph. 3, NH,Ph. 


the dibutyl derivative with alkaline hydrogen peroxide gave a compound C,,H,,ONg. 
This was evidently the dibutyl oxo-compound (XIX) because the light absorption closely 
resembled that of the known dimethyl derivative #* (XVIII; R= Me, R’ =O) and 
hydrolysis yielded N-butylphthalimide (XX). Acid hydrolysis of the product (XVII) 
caused replacement of a BuN: residue by O: so that the product was formulated as N-butyl- 
monothiophthalimide (XXI). In agreement, this degradation product underwent oxid- 
ation to N-butylphthalimide (XX), and it condensed with butylamine to yield the 
previously encountered dibutyl-oxo-compound (XIX) with elimination of hydrogen sulphide. 
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The dibutyl-thiotsoindoline (XVII) was also obtained by condensation of dithio- 
phthalimide (XIII) with butylamine, but the major reaction here was a bimolecular 
reductive coupling to dithio-$-isoindigo. With morpholine, the iminothiotsoindoline (III) 
yielded mainly di-(3-morpholino-1-isoindolinylidene) (XXII), previously prepared ?® by 
condensing dithio-$-isoindigo with morpholine. 

Attention was then turned to condensations with m-phenylenediamine and 2: 6-di- 
aminopyridine. 


16 Elvidge and Golden, J., 1956, 4144. 
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Mixtures of the iminothiozsoindoline (III) with m-phenylenediamine in the molar ratios 
1:2, 1:1, and 2:1 when heated in boiling benzene afforded the benzene macrocycle 
(XXIII) as sole identified product. Thus both of the exocyclic functional groups of (III) 
were reactive towards the diamine. With 2: 6-diaminopyridine, however, the 2-unit 
product (XXIV) was obtained, condensation having occurred at the imino-group, as with 
aniline (above). 

1-Imino-3-methylthioisoindolenine (VIII), on the other hand, reacted preferen- 
tially and readily at the sulphur group. Thus with m-phenylenediamine it condensed 
twice, with elimination of 2 mols. of methanethiol per diamine unit, to yield the benzene 
3-unit product (XXV). With 2: 6-diaminopyridine, it yielded the pyridine 3-unit 
product (XXVI). The products (XXV) and (XXVI) separated with water of crystallis- 
ation, which was removed by drying at 130°/10¢ mm. Both were hydrolysed easily by 
aqueous hydrochloric acid to 2 mols. of phthalimide which confirmed the structures. An 
analogous 3-unit compound derived from 2 : 4-diaminotoluene has already been described.15 

These 3-unit compounds have a longest-wavelength absorption maximum in the 3400— 
3460 A region, so they resemble the corresponding cross-conjugated macrocycles. Thus 
the benzene 3-unit compound (XXV) (see Table) has a maximum at 3460 A with ¢ 9100, 


Light absorptions in ethanol. 


Compound Amax.(A) © Compound Amz. (A) € Compound Amss.(A) € 
(III) 2340 19,400 (XVII) 3000 9,800 (XXV),an- 2260 65,500 
3100 13,500 3480 12,900 hydrous 2550 31,300 
3450 7,900 3050 12,7 
(XIX) 2520 15,500 3460 9,100 
(VIII) 2850 9,500 3020 4,500 
4360 530 . (XXVI), mono- 2340 48,000 
(XVIII; R=Me, 2500%* 14,300 hydrate 2700 23,000 
(XIII) }° 2280 7,500 R’ = QO) (in 2980 3,500 3400 38,000 
2400 13,000 MeOH) 
2600 5,300 
3800 18,800 


whilst the benzene macrocycle (XXIII) has %max. 34301 or 3340 A 15 (depending on 
solvent) with « 17,000—19,000; this indicates that they contain the same effective 
chromophore, which presumably approximates to (XXX), and that this is electronically 
isolated from the rest of the molecule in each case. There are two of these groupings in 
the molecule of the macrocycle (XXIII) and this absorbs with twice the intensity of the 
open-chain compound (XXV). Similar remarks apply to the 2: 4-toluene 3-unit com- 
pound and macrocycle described previously,!5 but data for the 2 : 6-pyridine compounds 
are as yet incomplete. 

The possibility of effecting macrocyclic ring syntheses from the 3-unit compounds 
(XXV) and (XXVI) received attention. 

Heating the benzene 3-unit compound (XXV) in ethanol with m-phenylenediamine 
afforded the yellow benzene macrocycle 4% (XXIII). The pyridine compound (XXVI) 
was less reactive and was unchanged after being heated similarly with 2 : 6-diamino- 
pyridine, but in boiling butanol condensation occurred with formation of the orange 
2 : 6-pyridine macrocycle 1? (XXVII). A third straight-forward condensation was that 
between the 3-unit benzene compound (XXV) and 1 mol. of di-imino/soindoline, which 
gave the burgundy-red trisoindole-benzene macrocycle 15 (XXVIII). 

The last reaction suggested that other unsymmetrical cross-conjugated macrocycles 
might be obtained by analogous ring-closures of the 3-unit intermediates (XXV) and 
(XXVI). The attempts were unsuccessful however. Thus the less reactive pyridine 
3-unit compound (XXVI) was recovered after being heated with di-imino#soindoline in 
boiling ethanol or butanol. Interaction of (XXVI) with m-phenylenediamine, however, 


17 Elvidge and Linstead, J., 1952, 5008. 
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gave a mixture from which only the 2: 6-pyridine macrocycle (XXVII) was isolated 
(as its nickel derivative).17 The alternative condensation between the benzene 3-unit 
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compound (XXV) and 2: 6-diaminopyridine yielded the benzene macrocycle (XXIII), 
together with the 2 : 6-pyridine macrocycle (X XVII), which was again isolated as the much 
less soluble nickel derivative. From the condensation of the benzene 3-unit product 
(XXV) with 2:7-diaminonaphthalene, the symmetrical naphthalene macrocycle 
(X XIX) was obtained in high yield. 

These results indicated that the 3-unit compounds (XXV) and (XXVI) have rather 
unreactive terminal functional groups. The failures to yield unsymmetrical macrocycles 
by condensation, e.g., with favourably orientated diamines, 


di and the formation instead of symmetrical macrocycles is 
oe ty | N significant. Evidently the 3-unit compounds are split by 
N amines, and the resulting 2-unit products undergo self- 
ai condensations rather than interaction so that symmetrical 
| NH HN macrocycles are the main products. The reaction A 
S recalls the interchange reactions of N-substituted amidines 
aie ae with amines,!® and the displacement reactions of amines 
(XXX1) 


with N-substituted imidines,!* a particularly close analogy 

being the reaction between the 3-unit compound (XXXI) and 2 : 6-diaminopyridine.* 
Discussion of the fine structures of the 3-unit intermediates, ¢.g., (XXV), and the 

macrocycles is deferred until more data on fixed-bond structures have been accumulated. 


EXPERIMENTAL 


Analyses were by Mr. F. H. Oliver and his staff of the Microanalytical laboratory, and 
measurements of ultraviolet light absorption by Mrs. A. I. Boston and of infrared absorption 
by Mr. R. L. Erskine of the Spectrographic Laboratory of this Department. 

1-Imino-3-thioisoindoline (III).—(a) Preparation. Drew and Kelly’s method? (for “ o- 
cyanothiobenzamide ’’) was slightly modified in that a fine suspension of phthalonitrile in 
ethanol was stirred for 9 hr. with aqueous sodium hydrogen sulphide which had previously 
been saturated with hydrogen sulphide. Addition of water precipitated a first crop of the 
product (37%), decomp. from 195°, whilst addition to the filtrate of 2N-hydrochloric acid 
almost to neutrality afforded less pure material (24%). Recrystallisation of the first crop from 
ethanol gave golden needles of 1-imino-3-thioisoindoline (70% recovery) which softened and 
decomposed at 218° (Found: C, 59-7; H, 3-95; N, 17-7. C,H,N,S requires C, 59-3; H, 3-7; 
N, 17-3%). Principal infrared max.: (i) KBr disc, 3135, 2681, 1664, 1582, 1466, 1385, 1289, 
1271, 1239, 1214, 1079, 905, 766, 671 cm.-!; (ii) Nujol mull, 3135, 2681, 1661, 1577, 1287, 1267, 
1239, 1211, 1078, 903, 764, 670 cm."?. 

Porter, Robinson, and Wyler’s similar method ! afforded the same product contaminated 
with sparingly soluble dithio-8-isoindigo (Amax, 4760, 5080 A) (see below). 

(b) Hydrolysis. When 1-imino-3-thioisoindoline (200 mg.) was heated on the steam-bath 
with 2n-hydrochloric acid (5 c.c.) a red solution was obtained, which shortly deposited solid. 
After 4 min., the mixture was cooled and filtered, and a second crop was collected 5 hr. later. 
The red needles (112 mg., 62%) had m. p. 176—177° and mixed m. p. 177° with monothio- 
phthalimide, m. p. 177°. Porter, Robinson, and Wyler ? give m. p. 175°. 

(c) Hydrochloride. (i) 1-Imino-3-thioisoindoline was boiled in benzene for 1 hr. whilst dry 
hydrogen chloride was passed in (cf. ref. 1). The pink solid did not melt,below 300°. On 
being washed with aqueous sodium carbonate, the solid became yellow-brown and it then had a 
decomp. pt. ca. 218°, alone and mixed with 1-imino-3-thioisoindoline. (ii) Treatment of 
1-imino-3-thioisoindoline in ethanol with ethanolic hydrogen chloride at 0°, and concentration 
of the solution to a very small bulk, gave 1l-imino-3-thioisoindoline hydrochloride hydrate as 
needles which softened at ca. 165° but did not melt below 300° (Found: C, 44-3; H, 4-5; Cl, 
16-7. C,H,N,CIS,H,O requires C, 44:3; H, 4:2; Cl, 16-4%). This salt (100 mg.) was added 
to water (5 c.c.). The solid became yellowish-brown and a part dissolved to a yellow solution 
which almost at once deposited fine golden needles. The solid (70 mg., 93%) decomposed at 


18 Roberts, J]. Amer. Chem. Soc., 1950, 72, 3603; Roberts, DeWolfe, and Ross, ibid., 1951, 78, 2277. 
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ca. 218° alone and mixed with 1-imino-3-thioisoindoline. Drying of the hydrated salt in a 
vacuum desiccator gave the anhydrous hydrochloride, m.p. >300° (Found: C, 48-15; H, 3-7. 
C,H,N,SCl requires C, 48-4; H, 3-55%). 

(d) Oxidation. (i) 30% Hydrogen peroxide (4-5 c.c.) was added in portions during 30 min. 
to a cooled, stirred solution of 1-imino-3-thiotsoindoline (1-6 g.) in 2N-sodiura hydroxide (10 c.c.) 
and ethanol (15 c.c.). After 12 hr., the solution was evaporated under reduced pressure and 
the residue extracted with ethanol. 1-Imino-3-oxoisoindoline (0-22 g., 15%) was isolated. 
having m. p. 198° and mixed m. p. 202°. (ii) The solution from a similar oxidation was con- 
centrated to 25 c.c., acidified with hydrochloric acid, and heated on the steam-bath for 10 min. 
Cooling the solution caused the separation of phthalimide (0-72 g., 50%), m. p. and mixed 
m. p. 234°. 

1-Imino-3-methylthioisoindolenine (VIII).—(a) Preparation. A solution of 1-imino-3- 
thioisoindoline (8-1 g.) in ethanol (75 c.c.) and 2N-sodium hydroxide (25 c.c., 1 equiv.) was 
diluted with water (75 c.c.), and then cooled to 0° and stirred whilst dimethyl sulphate (15 c.c. ; 
freshly distilled) was added in drops during 5 min. After a further 5 min., water (200 c.c.) was 
added. The 1-imino-3-methylthioisoindolenine (6-8 g., 77%) crystallised from aqueous 
ethanol as needles, m. p. 98—100° (Found: C, 61-3; H, 4:9; N, 15-6; S, 17-9. C,H,N,5S 
requires C, 61-35; H, 4:6; N, 15-9; S, 18-2%). Principal infrared max.: Nujol mull, 3135, 
1653, 1323, 1267, 1242, 1155, 1048, 963, 764, 681 cm.-}. ; 

(b) Hydrolysis. The derivative (50 mg.) was warmed with 2n-hydrochloric acid (2 c.c.) for 
several minutes. Methanethiol was evolved, and from the cooled solution phthalimide 
separated (30 mg., 72%), m. p. and mixed m. p. 230—232°. 

Condensations with Arylmonoamines.—1-Imino-3-thioisoindoline (0-32 g.) was boiled in 
ethanol (50 c.c.) with aniline (0-18 g., 1 mol.) for 12 hr. Evaporation of the solution, extraction 
of tar from the residue with boiling light petroleum (b. p. 60—80°), and trituration of the 
residue with ethanol provided 1-phenylimino-3-thioisoindoline (XII; R = Ph) (0-2 g., 43%), 
m, p. 205—208°, which crystallised from ethanol as orange-yellow needles, m. p. 209° (Found : 
C, 70-8; H, 4-8. Calc. for C,H,)N,S: C, 70-5; H, 42%). Drew and Kelly? reported 
m. p. 209°. 

Interaction of 1-imino-3-thioisoindoline (4 g.) with 2-aminopyridine (4-7 g.) in boiling 
ethanol (200 c.c.) for 24 hr. and concentration of the solution gave 1-2’-pyridylimino-3-thioiso- 
indoline (XII; R = 2-C;H,N) which crystallised from ethanol (charcoal) as orange-brown 
needles (2-3 g., 39%), m. p. 175° and mixed m. p. 175—178° with the compound next prepared. 

Dithiophthalimide ?* (XIII) (0-89 g.) was added in portions (ca. 25 mg.) to a boiling solution 
of 2-aminopyridine (0-47 g., 1 mol.) in ethanol (25 c.c.) during 3 hr. After a further hour’s 
boiling, the hot mixture was filtered from dithio-$-isoindigo (0-09 g.). When cooled, the 
filtrate deposited 1-2’-pyridylimino-3-thioisoindoline (0-53 g., 38%), which crystallised from 
ethanol as orange-brown needles, m. p. 178° (Found: C, 64-9; H, 3-8; N, 18-0; S, 13-3. 
C,,;H,N;S requires C, 65-2; H, 3-8; N, 17-6; S, 13-4%). 

1-Imino-3-thioisoindoline (0-32 g.) and aniline (0-37 g., 2 mols.) were boiled in ethanol 
(50 c.c.) until evolution of ammonia ceased (12 hr.). Evaporation of the solution afforded a 
residue completely soluble in boiling light petroleum (b. p. 60—80°). Concentration and 
cooling of this solution gave 1 : 3-diphenyliminoisoindoline 7 (XIV; R = Ph) as yellow needles 
(0-55 g., 93%), m. p. 122—-123° and mixed m. p. 126—128°. 

1-Imino-3-thioisoindoline (0-32 g.) and 2-aminopyridine (0-37 g., 2 mols.) were boiled in 
butanol (20 c.c.) for 4 hr., and the solution was then evaperated. Crystallisation of the residue 
from ethanol (charcoal) afforded 1 : 3-di-2’-pyridyliminoisoindoline* (XIV; R = 2-C,H,N) 
(0-24 g., 41%) as pale yellow needles, m. p. and mixed m. p. 165—170°. 

1-Imino-3-methylthioisoindolenine (VIII) (0-35 g.) and aniline (0-18 g., 1 mol.) were 
kept together in methanol (3 c.c.) for 24 hr. The precipitate crystallised from methanol as 
yellow needles (0-25 g., 60%), m. p. 202—204° (decomp.) alone and mixed with 1-imino-3- 
phenyliminoisoindoline ? (XV). 

Condensation Products from Alkylmonoamines.—(a) 3-Butylimino-1-iminoisoindoline (XVI). 
1-Imino-3-thioisoindoline (1-6 g.) in 2N-sodium hydroxide (75 c.c.) was treated with butylamine 
(0-73 g.) in ethanol (10 c.c.). After several hours, an oil had separated, which solidified at 0°. 
From benzene, the 3-butylimino-l-iminoisoindoline (0-7 g., 35%) separated as needles, m. p. 
and mixed m. p. 162—163° (decomp.).? 


1® Drew and Kelly, J., 1941, 625. 
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(b) 2-Butyl-1-butylimino-3-thioisoindoline (XVII). 1-Imino-3-thiozsoindoline (4-05 g.) and 
butylamine (9 c.c., 4 mols.) were boiled in methanol (65 c.c.) for 3 hr. and the solution was then 
evaporated to 25 c.c. 2-Butyl-1-butylimino-3-thioisoindoline (2-6 g., 31%) crystallised (m. p. 
58—58-5°), and was recrystallised from methanol to give yellow needles, m. p. 61° (Found: C, 
70-3; H, 8-2; N, 10-4. C,,H,.N,S requires C, 70-0; H, 8-1; N, 10-2%). 

To the compound (XVII) (2 g.) in methanol (50 c.c.) containing potassium hydroxide 
(0-82 g., 2 equiv.), kept at ca. 50°, 30% hydrogen peroxide was added in portions of 1—2 c.c. 
until the solution became neutral. The almost colourless solution was concentrated under 
reduced pressure to 25 c.c. and then water was added to produce a turbidity. At 0° overnigut, 
pale yellow crystals separated. Several crystallisations from aqueous methanol provided 
colourless laths of 2-butyl-1-butylimino-3-oxoisoindoline (XIX), m. p. 33-5—34° (corr.) (Found : 
74:3; H, 8-7; N, 11-1. CygH.,ON, requires C, 74-4; H, 8-6; N, 10-85%). Hydrolysis of the 
2-butyl-1-butylimino-3-oxoisoindoline (1 g.) with boiling 2N-hydrochloric acid (15 c.c.) for 
25 minutes afforded an oil (0-5 g., 64%), which had b. p. 308° (Emich). After being 
distilled under reduced pressure and kept at 0°, the oil solidified and then had m. p. 30—31° 
undepressed by N-butylphthalimide. 

2-Butyl-1-butylimino-3-thioisoindoline (8-5 g.) was boiled with 2N-hydrochloric acid (100 c.c.) 
for 10 min. The mixture was extracted with chloroform (30 c.c.), and the extract was 
dried (Na,SO,) and distilled, finally under reduced pressure, to give a red oil (5 g.), b. p. 102— 
103°/0-1 mm., }° 1-6294, which soon solidified. From light petroleum (b. p. 40—60°), the 
2-butyl-1-ox0-3-thioisoindoline (X XI) formed elongated prisms, m. p. 29—29-5° (corr.) (Found : 
C, 65-3; H, 6-0; N, 6-3. C,,.H,,ONS requires C, 65-7; H, 6-0; N, 6-4%). Oxidation of this 
product (4-0 g.) in methanol (60 c.c.) containing dissolved potassium hydroxide (1-9 g., 2 equivs.) 
was effected at 50—60°, by 30% hydrogen peroxide added in 1—2 c.c. portions until the solution 
became neutral. The filtrate from potassium sulphate was evaporated and the residue distilled 
under reduced pressure. The N-butylphthalimide (1-5 g., 40%), b. p. 188—190°/28 mm., n#? 
1-5410, b. p. 308—309° (Emich), solidified at 0° and then had m. p. and mixed m. p. 31—32°. 
Previous workers recorded b. p. 311-8°/758 mm.” and m. p. 32° 24 and 34°.23 

2-Butyl-1-oxo-3-thiotsoindoline (2-35 g.) was boiled in ethanol (30 c.c.) with butylamine 
(2 c.c.) until evolution of hydrogen sulphide ceased (ca. 2 hr.). The solution was evaporated 
and the residue chromatographed in benzene on alumina (Spence, type H). A pale yellow band 
was washed off the column, which was then eluted with benzene containing 5% of ethanol. 
Evaporation of the latter eluate and crystallisation of the residue from methanol afforded laths, 
m. p. 32—33° undepressed by 2-butyl-1-butylimino-3-oxoisoindoline. 

Dithiophthalimide }* (0-74 g.) and butylamine (0-36 g., 1 mol.) were boiled in ethanol (20 c.c.) 
for lhr. Filtration of the hot solution gave dithio-8-isoindigo (0-36 g., 59%); Amax. in ethanol 
at 4760, 5080 A (visual determination). [With I.S. Fox. Dithio-8-isoindigo * in ethanol has 
Amax. 2320, 3190, 3380, 3530, 4760, and 5080 A with 10%c 21-3, 10-8, 10-8, 10-4, 35-7, and 46-2 
respectively.] Concentration of the filtrate afforded yellow needles of 2-butyl-1-butylimino-3- 
thioisoindoline (0-17 g., 15%), m. p. and mixed m. p. 58°. 

(c) 2-Benzyl-1-benzylimino-3-thioisoindoline (XVIII; R =CH,Ph, R’ =S). 1-Imino-3- 
thiotsoindoline (1-6 g.) and benzylamine (2-14 g.) were boiled together in methanol (50 c.c.) for 
15 min. The solution was filtered through charcoal, concentrated to 25 c.c. and cooled. 
Recrystallisation of the precipitate from methanol afforded an unidentified solid, m. p. 205°, 
and, from the mother-liquors, 2-benzyl-1-benzylimino-3-thioisoindoline (1-3 g., 38%) as yellowish 
needles, m. p. 108° (Found: N, 8-1. C,,H,,N,S requires N, 8-2%). 

(d) Di-(3-morpholino-1-isoindolinylidene) (XXII). 1-Imino-3-thioisoindoline (3-24 g.) and 
morpholine (4 c.c.) were boiled in methanol (100 c.c.) for 24 hr. and the hot mixture was filtered. 
The solid was washed with 2n-sodium hydroxide-ethanol (1 : 1) until the washings were colour- 
less. The remaining solid crystallised from dioxan as orange needles (1-1 g., 27%) and was 
identified as di-(3-morpholino-1-isoindolinylidene) 1* by mixed m. p. (Found: C, 72-4; H, 5-5. 
Caic. for C,,H,,0,N,: C, 72-0; H, 6-0%). 

Condensations with m-Phenylenediamine and 2: 6-Diaminopyridine.—1-Imino-3-thioiso- 
indoline (1-6 g.) and m-phenylenediamine (1-1 g., 1 mol.) were boiled in ethanol (50 c.c.) for 2 hr. 
The mixture was cooled and the brownish solid crystallised from ethanol (charcoal) several 


20 Sachs, Ber., 1898, $1, 1225. 
21 Horak and Novotny, Chem. Listy, 1952, 46, 357. 
22 Vanags, Acta Univ. Laiviensis, Kim. Fakuliat, 1939, Ser. 4, No. 8, 405. 
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times, giving the yellow benzene macrocycle (XXIII) (0-5 g., 23%), m. p. and mixed m. p. 368— 
372°. 

1-Imino-3-thioisoindoline (3-2 g.) and 2: 6-diaminopyridine (4-3 g.) were boiled in ethanol 
(50 c.c.) for 6 hr. Filtration of the boiling mixture through charcoal, and cooling of the filtrate 
afforded 1-(2-amino-6-pyridylimino)-3-thioisoindoline (XXIV) which separated from nitro- 
benzene as a deep orange microcrystalline powder (2-3 g., 41%), m. p. 243° (Found: C, 61-0; 
H, 4:1. C,,;H,)N,S requires C, 61-4; H, 4:0%). 

1-Imino-3-methylthioisoindolenine (3-5 g.) and m-phenylenediamine (1-08 g., 0-5 mol.) 
were kept in chloroform (25 c.c.) for 48 hr. Crystallistion of the precipitate from methanol gave 
yellow prisms of m-di-(1-imino-3-isoindolinylideneamino)benzene (XXV) trihydrate (1-7 g., 21%), 
m. p. 268° (decomp.) (Found: C, 63-3; H, 5-2. C,,H,,N,,3H,O requires C, 63-1; H, 5-3%), 
which was converted at 100°/10-§ mm. into the anhydrous compound, m. p. unchanged (Found : 
72-1; H, 4:6; N, 22-8. C,,H,,N, requires C, 72-5; H, 4-4; N, 23-1%) (cf. ref. 15). Evapor- 
ation of the chloroform reaction liquors and crystallisation of the residue from methanol yielded 
the benzene macrocycle, m. p. 373—374° and mixed m. p. 374—375°.18 ~m-Di-(1-imino-3-tso- 
indolinylideneamino) benzene (0-76 g.) was boiled with 2n-hydrochloric acid (3 c.c.) for 5 min. 
and the mixture then cooled in ice. Phthalimide separated (0-56 g., 1-82 mols.), m. p. and 
mixed m. p. 234—236°. ; 

A solution of 1-imino-3-methylthioisoindolenine (1-76 g.) and 2: 6-diaminopyridine 
(0-54 g., 0-5 mol.) in chloroform (25 c.c.) was kept for 48 hr. and then evaporated. The residue 
was triturated with methanol. Crystallisation from methanol afforded orange 2: 6-di-(1- 
imino-3-isoindolinylideneamino)pyridine (XXVI) hydrate (0-59 g., 31%), m. p. 243° (decomp.) 
(Found: C, 65-5; H, 4-4; N, 25-5. C,,H,,;N,;,H,O requires C, 65-8; H, 4-5; N, 25-6%). 
Drying at 130°/10™* mm. for 2 hr. reduced the water content to that of a hemihydrate, m. p. 
unchanged (Found: C, 67-4; H, 4-5. C,,H,;N,,}H,O requires C, 67:35; H, 43%). The 
hydrate (0-305 g.) was warmed with 2n-hydrochloric acid (2 c.c.) on the steam-bath for 5 min., 
and the mixture then cooled in ice. The solid was phthalimide (0-22 g., 1-88 mols.), m. p. and 
mixed m. p. 234—237°. 

Macrocycles from the 3-Unit Compounds (XXV) and (XXVI).—Compound (XXV) (0:3 g.) 
and m-phenylenediamine (0-1 g.) were boiled in ethanol (25 c.c.) overnight, and the solution was 
then cooled. The yellow benzene macrocycle (XXIII) separated (40%), having m. p. 368—370° 
and mixed m. p. 370—372°.18 

Compound (XXV) (0-36 g.) and 2: 6-diaminopyridine (0-11 g.) were boiled in butanol 
(15 c.c.) for 4hr. The solution was evaporated somewhat and cooled, and the product crystal- 
lised from nitrobenzene, giving the orange 2: 6-pyridine macrocycle (XXVII) (0-16 g., 38%) 
with m. p. and mixed m. p. 336—338°.1? 

Compound (XXV) (0-18 g.) and di-iminoisoindoline (0-1 g.) were boiled in ethanol (25 c.c.) 
for 12 hr. A rapid crystallisation of the dark red solid from nitrobenzene gave triisoindole- 
benzene macrocycle (XXVIII) as burgundy-red needles (0-11 g., 49%), m. p. 356—360° and 
mixed m. p. 358—361°.15 

Compound (X XVI) (0-73 g.) and m-phenylenediamine (0-22 g., 1 mol.) were boiled in butanol 
(20 c.c.) for 4hr. The solvent was removed under reduced pressure and the residue dissolved in 
very hot nitrobenzene (30 c.c.). Nickel acetate (0-5 g.) in a minimum of formamide was added, 
the mixture was cooled, and the crystalline precipitate collected. From nitrobenzene, brown 
needles of the nickel derivative of the 2 : 6-pyridine macrocycle (X XVII) separated (0-45 g.) ; 
they had m. p. and mixed m. p. 364—366°.17 Evaporation of the reaction liquors afforded 
tar. 

Compound (X XV) (0-67 g.) and 2 : 6-diaminopyridine (0-22 g., 1 mol.) were boiled in butanol 
(50 c.c.) for 4 hr. Next day, the mixture of products was collected dissolved in boiling 
nitrobenzene, and treated with nickel acetate (250 mg.) in formamide. The brown needles 
(0-31 g.) had m. p. 350—352°, and, after recrystallisation from nitrobenzene, m. p. 365° not 
depressed by the nickel derivative of the 2: 6-pyridine macrocycle (XXVII). The reaction 
liquors were evaporated, and the residue was washed with light petroleum (b. p. 60—80°) and 
heated with boiling 2N-hydrochloric acid (25 c.c.) for 10 min. to hydrolyse intermediates and 
any remaining pyridine macrocycle. The boiling mixture was filtered, and the yellow solid 
was washed with hot water, dried, and crystallised from benzene. Yellow laths of benzene 
macrocycle (XXIII) (0-17 g.), m. p. and mixed m. p. 370—374°, separated. 

Compound (XXV) (0-73 g.) and 2: 7-diaminonaphthalene (0-4 g.) were boiled in ethanol 
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(50 c.c.) for 24 hr. The yellow product (0-59 g.) was naphthalene macrocycle (XXIX),!° m. p. 
and mixed m. p. 510° (decomp.). 
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140. Structure of Compounds of Ferrocyanide Type. Part II.* 
Crystal Structure of 8-T'etramethyl Ferrocyanide. 


By R. Hutme and H. M. Powe Lt. 


8-Tetramethyl ferrocyanide is orthorhombic, a = 8-45, b = 13-24, c = 
11-62 A, has space-group Pbca, and the unit cell contains four neutral 
molecules Fe(CNMe),(CN),. These are centrosymmetric and have the trans- 
octahedral form. Atomic co-ordinates, derived from _ electron-density 
sections and projections, are recorded for all the atoms, together with the 
interatomic distances. The mean Fe-C distance, 1-8 A, is shorter than the 
probable single-bond distance. The FeCNMe sequence departs from linearity 
by a small bend at the nitrogen atom. 





Ee 


Two isomers of tetramethyl ferrocyanide, «- and @-, were prepared by Hartley.! Hélzl? 
obtained the «-form and another substance, stated to have the same composition but to 
be different from both the «- and the $-form. Hartley’s compounds, which do not ionise, 
were presumed to be octahedral complexes, (I) and (II), and reasons have been given 3 for 
supposing that «- has the cis-form. Space-group considerations show ‘ that the molecule 
of the 8-form must be centrosymmetric, and therefore trans. Atomic positions were given 
only for iron, and the present investigation has been undertaken to confirm the configur- 
ation by locating the lighter atoms. 


Me Me Me 
‘nN N \n N N 
N 
— Mes at 
co” ces 
a F. + | 4 
Fe (I; cis) (II; trans) Fe 
go he, ZAIN 
Cc ccc 
ll \ 
N " N NON N 
/ Me Me Me Me Me 


The material used was part of Hartley’s original preparation. Unsolvated crystals were 
obtained by dissolving the powder in hot dry methanol and cooling the solution slowly 
from 65° to 40°. At room temperature a compound with methanol crystallises. 

The crystals, which are orthorhombic, show forms {111}, {011}, and {100} small. They 
cleave parallel to (010), and have weak negative double refraction with acute bisectrix 
parallel to {010}. 

Several small crystals were used to obtain a set of 15° oscillation photographs with 
copper-K, radiation. All three principal axes were used in turn as oscillation axis. A 


* Part I, J., 1945, 799. 

' Hartley, J., 1913, 108, 1196. 

2 Hélzl, Monatsh., 1927, 48, 72. 

* Glasstone, J., 1930, 321. 

* Powell and Stanger, J., 1939, 1105. 
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Fic. 1. Electron density projection on (100); atomic positions shown on the right. Dotted contour at 
3 e/A? (approx.), thereafter at intervals of 0-8 e/A?. Four times this interval round the iron atoms. 
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Fic. 2. Electron density projection on (001); atomic positions shown on the right. Dotted contour at 
0 e/A?, thereafter at intervals of 0-6 e/A*. Eight times this interval round the iron atoms. 
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Fic. 3. Electron density projection on (010); atomic positions shown on the right. Dotted contour at 
1 e/A?, thereafter at intervals of 1-2 e/A*, Four times this interval round the iron atoms. 
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Fic. 4. Section showing electron density in the plane (011). Dotted contour at about 1 e/A and thereafter 
at intervals of 1 e/A%, with iron contours (thick lines) at seven times this interval. Adjoining one iron 
atom are the peaks for C?N*Me*. The prominent isolated peak is a methyl group, Me, of another 
molecule. 
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suitable range of intensities was covered by the multiple-film technique combined with long 
and short exposures. Intensities of X-ray reflexions were estimated visually, and correl- 
ation between different films was made by comparison of common reflexions. To facilitate 
this procedure an overlap of 5° was allowed in photographs obtained by oscillation of the 
crystal about any one axis. 

The unit cell dimensions, a = 8-45 + 0-02, b = 13-24 + 0-01, c = 11-62 + 0-02 A, are 
in close agreement with values previously reported and combined with density 1-372 g./c.c. 
give the cell contents as four molecules. The absent spectra, ARO when h is odd, hO/ when / 
is odd, and Ok when is odd, correspond to the space-group Poca. 

In this case absent spectra establish the space-group unambiguously, but the presence 
of the symmetry centre required by this space-group has been confirmed 5 in tests of a 
method depending on the probability distribution of X-ray intensities. 

The general position in the space-group is 8-fold and the four iron atoms must therefore 
occupy special positions. The two possibilities, which are equivalent, differ only in the 
formal choice of origin, and the iron atoms are, therefore, assigned to the positions 000, 
440, 034, 303. The remaining atoms lie in general positions xyz and equivalents. In the 
previous investigation it was concluded from packing considerations that the -CN and 
CNCH, arms of the molecule were approximately linear and had the expected octahedral 
configuration, but the positions of these carbon and nitrogen atoms were not determined. 

As a first step towards the determination of the parameters for the lighter atoms an 
evaluation of the electron-density projection on (100) was attempted. The observed Ok/ 
structure factors are of two kinds. Those with k + / even have the maximum positive 
contribution from the iron atoms and accordingly they were given the positive sign as 
though it were determined by the iron contributions alone. The remainder with k + 1 
odd have no iron contribution and their signs are determined by the carbon and nitrogen 
atoms whose positions it is desired to find. As is to be expected, most of these structure 
factors are relatively small but one, Fo 93, is of great importance since it is larger than any 
other observed F value, including those to which iron contributes. It indicates a con- 
centration of the lighter atoms in planes nearly parallel to (023). For a first attempted 
projection this F value, alone of those for which k + / is odd, was included in the Fourier 
summation. Since it must have one or the other sign it was arbitrarily taken as negative 
but its inclusion in the summation with the positive sign gives a projection which would be 
identical if the origin were changed to a suitable iron atom, ¢e.g., that at 034. The resulting 
projection gave a general indication of the approximate directions of the arms of the 
molecule. With the help of this information and packing considerations a provisional set 
of atomic parameters was estimated. 

With these as basis, the method of F synthesis was applied to the three principal 
projections. The electron density was calculated at intervals of 1/60th of the unit cell 
dimensions. The projection on (100) required two successive approximations, that on 


TABLE 1. Co-ordinates in A. 


x BY Zz x 4y z 

BO scesevacsesgene 0 0 0 FP  dccanscvesivies 1-61 —0-69 — 0-63 
BO”, . wssecvassnesies 2-60 —1-08 —1-21 

CP cevccccscescecs 0-40 —0-88 1-49 BE daccrssontcoses 3°85 — 1-64 —1-50 

Bee kesccnaccsceses 0-61 —1-52 2-56 

BP sicscindsescsss 1-18 —2-22 3°63 CF cgeesccsecsecee 0-79 1-48 0-63 
I” adacnsiseriveee 1-53 2-42 1-10 


(001) three. A single summation was made for (010). The three final projections are 
shown in Figs. 1—3. 

The eight non-equivalent atoms or groups of the asymmetric unit in general positions 
are designated C1, C?, C3, N1, N?, N3, Me! and Me? as in Table 1, the superscripts being 


* Howells, Phillips, and Rogers, Acta Cryst., 1950, 3, 210. 
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TABLE 2. Observed structure amplitudes and calculated structure factors for hkl. 
(In each set of three columns the first lists values of 1, the second F ns, and the third [ e 
001 1 021 10,27 
2 79 96 4 24 27 7 35 31 0 32 35 
4 17 a 5 84 73 8 62 56 
6 18 12 6 34 —30 10 28 18 131 
s 30 47 7 51 28 ll 23 7 l 80 90 
10 50 51 9 45 39 12 33 13 2 61 64 
10 25 32 3 43 38 
101 12] 4 43 —33 
2 27 30 211 9 38 37 5 65 62 
201 l 84 88 3 13 - 5 6 30 —37 
20 2 70 64 4 65 51 . & oe 
0 81 93 3 27 22 5 15 19 8 18 22 
2 30 32 4 33 40 10 4] 2 9 45 36 
4 62 68 6 38 29 10 20 33 
6 93 79 29] 11 30 33 
8 82 73 311 Pas ‘ 
10 = 30 19 1 54 64 o 4% 89 231 
1421 11 2 63 60 _ = = 0 8 — 
~ 2 56 60 " an 
P 3 48 34 3 23 14 ] 71 76 
301 4 19 aS 4 54 59 2 29 —29 
2 39 —22 5 52 61 I? 20 21 3 26 15 
4 22 —% 7 66 53 6 63 p= 5 21 10 
6 33 —— 9 58 58 8 71 54 9 23 —4 
» » c ‘ « 
” ” ” a 43 “ 10 40 43 331 
40] 41l ; l 85 84 
‘ 321 a . 
0 36 34 0 31 23 2 18 ‘ 
2 68 73 l 33 28 ] 13 — 6 3 58 61 
4 36 30 4 24 anne 2 40 —38 5 24 5 
6 52 44 6 30 —27 3 46 37 7 51 57 
8 69 71 7 41 15 5 14 ~. 2 8 25 22 
10» 81 29 8 59 14 7 «651 16 9 45 58 
2 28 26 9 18 —19 9 30 37 
10 27 25 43] 
50/ 42] 0 27 12 
4 25 25 51l 0 83 80 2 30 —34 
6 15 - 1 43 44 1 26 —37 3 25 —24 
3 58 60 2 54 50 6 27 _ 5 
60/ 4 16 aid 3 27 18 8 44 26 
0 58 55 5 43 49 4 46 46 10 = 30 20 
2 65 58 7 48 41 5 11 17 531 
4 30 17 9 20 18 6 48 50 : 
6 21 33 8 42 37 1 61 59 
8 25 29 611 10 33 39 2 22 22 
10-34 47 0 34 ~—25 $ (88 58 
4 22 21 521 4 7 1% 
701 5 31 27 1 32 31 > =< 
6 15 11 7 «23 38 2 6&4 16 a 25 33 
8S 39 10 aT 3 32 —47 631 
801 1 40 28 621 8 2 -1 
0 31 —19 3 46 43 0 47 37 - 
2 2% 23 4 9 23 1 93 —17 ” 
4 39 56 5 27 19 2 50 51 1 32 44 
6 44 58 7 3 47 4 4 46 3 30 24 
8 15 10 6 33 38 5 38 54 
81] S 30 33 
901 4 30 3 : 5 — 831 
+ 18 18 72] 0 28 7 
911 ae , 4 26 «i 
10,01 3 27 37 : 3 30 
0 24 28 2 6“ 15 04/ 
2 29 50 02/ 821 0 53 — 64 
4 26 35 0 90 128 4 s l 11 —14 
2 105 115 0 29 16 2 83 99 
11 3 128 155 2 32 33 3 22 —-§ 
1 82 119 4 83 62 , 4 70 84 
2 14 14 5 5l 14 92/ 5 31 = 
3 77 94 6 62 46 4 30 35 6 69 67 
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0 37 
l 41 
2 52 
+ 43 
5 35 
6 23 
8 25 
561 
3 14 
31 
66/ 
0 43 
2 30 
3 22 
4 30 
6 21 
861 
0 35 
2 22 
6 19 
171 
1 39 
2 29 
3 58 
4 14 
5 40 
i) 18 
27 
0 16 
2 19 
3 14 
371 
1 45 
2 21 
3 53 
5 37 
471 
4 17 
57 
1 39 
2 18 
3 32 
4 30 
5 23 
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3 27 
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1 33 
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TABLE 2. (Continued.) 


4,101 2,111 1,127 2,131 
0 26 31 2 22 —12 2 31 8 3 21 ~« 3 
l 41 3 3 29 et 
2 25 28 2,121 3,131 
4 3 33 3,111 6 23 9 l 43 19 
: ] 33 5] 2 33 41 
6,101 3 33 30 4 20 48 2,14 
0 24 19 0 23 34 
l 13 =~ 4,111 4.121 
2 21 31 2 29 —18 0 29 24 4,14/ 
TR a 0 26 47 
8,101 5,111 a 2 R 
0 19 22 1 2 26 "= 0,16/ 
11 2 26 2 6,121 0 30 58 
l 27 43 0,127 0 28 50 2,16] 
3 23 36 0 25 35 a 0 19 39 
4 15 24 oe 30 1,13! 
5 15 24 6 32 33 I 13 25 


used to group together atoms belonging to the same arm of the molecule. From the three 
projections an indication may be obtained of the values of all 24 parameters, 18 of which 
may be derived from resolutions, some good and some moderate, of individual atoms. 
Since interatomic distances and bond angles were required, three-dimensional F synthesis 
methods were applied to improve the resolution and to remove the remaining uncertainties 
due to overlap in the projections. 

It may be seen that each arm of the molecule lies in or close to a plane of low indices. 
All the atomic positions may be determined from the sections (110), (021) and (011) since 
in these one or other of the equivalent arms will appear, C'N*Me! in (110) and (021), 
C?N?Me? in (011) and C*N? in (110). Me also lies close to (011), and (021) contains N}. 

Signs for the F,,; structure factors were evaluated from the best parameters derivable 
from the projections. There were 420 observed Fy; magnitudes. Each of these was 
included the required number of times in the summation to allow for the corresponding 
negative indices, appropriate sign changes being made where necessary. Transformations 
of axes were made so that each section became a section at zero along the new axis of some 
suitable cell. Electron density was calculated at intervals of 1/120th of the section edges. 
Modifications in the parameters required six successive approximations for (011), four for 
(021) and four for (110). The final sections are reproduced in Figs. 4—6. 

Table 1 gives the final atomic co-ordinates for all the atoms in the structure. These 
co-ordinates have, for the most part, been determined from sections, but a few values are 
derived either partly or wholly from projections. Where the same co-ordinate has been 
observed more than once with equal accuracy, an average value has been entered in this 
Table. 

Structure factors for all the observed reflections have been calculated on the basis of 
these atomic co-ordinates. The numerical F values have been evaluated with the help of 
the appropriate tables, and a proportion of them have been checked by means of a crystal- 
structure factor calculator. The Hartree atomic scattering factors’ have been used 
throughout, except that Hénl’s correction § has been applied to the atomic scattering factor 
for iron. The scattering of a methyl group was taken as equal to that of a nitrogen 
atom, located in the position of the methyl carbon atom. A temperature factor 
exp — B(sin 6)?/22 with B = 1, was applied to the calculated F values. The structure 
then gives the following reliability factors: hOl 0-21, hkO 0-26, O/ 0-24, all observed hkl 
0-26. Table 2 lists observed and calculated F values. Further refinement was not 


® Hughes and Hulme, to be published. 

7 “ Internationale Tabellen,”’ 1935. 

8 James, “‘ The Crystalline State,” Bell, London, 1948, II, 608. 
BB 
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Fic. 5. Section showing electron density in the plane (021). Dotted contour at about 1 e/A8 and thereafter 
at intervals of 1 e/A, with iron contours (thick lines) at seven times this interval. Adjoining an iron 
atom are the peaks for C'1N1Me!. The isolated peak is an N* atom of another molecule. 
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Fic. 6. Section showing electron density in the plane (110). Dotted contour at about 1 e/A® and thereafter 
at intervals of 1 e/A*, with iron contours (thick lines) at seven times this interval. Adjoining one iron 
atom are the peaks for C1'N'Me!. Another iron atom has neighbouring peaks for C3N°. 
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attempted, this degree of accuracy being sufficient to establish the trans-octahedral 
configuration for 8-tetramethy] ferrocyanide. 

From the final co-ordinates listed in Table 1, interatomic distances, to within 0-1 A, and 
bond angles to within 5°, were obtained. 

The iron-carbon distances in the FeCNMe arms and the FeCN groups vary (1-8), 1°8;, 
1-8, A for Fe to C!, C?, and C? respectively) but they give an average value, 1-8 A, which is 
close to that found® in [Fe(CNMe),|**. The distance is considerably less than 2-0 A, 
a probable value for the iron—carbon single bond, and is in better agreement with a 
structural formula, similar to that suggested by Pauling 1° for the ferrocyanide ion, in 
which the iron-carbon link has a bond order of 14. The carbon-nitrogen distances are 
1-2,, 1-2,, and 1-3, A, respectively, giving an average distance of 1-3 A. This is greater 
than the corresponding triple-bond distance, 1-17 A, found in methyl isocyanide.1 Both 
the nitrogen—-methy] group distances are 1-4 A, agreeing well with the value, 1-43 A, found 
by Wheatley !? for a terminal nitrogen-methyl group distance. It is significantly less than 
1-48 A, the single-bond distance.3 The minimum observed distance, 3-4, A, between 
atoms in different molecules is normal. 

The angles, C!FeC?, C!FeC*, and C?FeC?, are calculated from the parameters to be 85°, 
91°, and 92° respectively, but the differences from 90° are probably all within the accuracy 
of measurement. The molecule has two sets of FeCNMe arms unrelated by symmetry, 
and in both the sequence is linear except for a bend at the nitrogen atom. The angles 
C!N!Me! and C?N2Me? are 167° and 166°, giving a mean bend of about 13°. This 
is considerably larger than the maximum error in the structure and is therefore significant. 
A similar but smaller bend was inferred in the [Fe(CNMe),]** ion.® 


CHEMICAL CRYSTALLOGRAPHY LABORATORY, 
UNIVERSITY MusEUM, OXFORD. (Received, August 10th, 1956.] 


® Powell and Bartindale, J., 1945, 799. 

‘* The Nature of the Chemical Bond,’’ Cornell Univ. Press, Ithaca, 1939, 234. 
11 Gordy, Rev. Mod. Phys., 1948, 20, 668. 

12 Wheatley, Acta Cryst., 1954, 7, 68. 

13 Cox and Jeffrey, Proc. Roy. Soc., 1951, 207, A, 110. 





141. The Preparation of Fused Triazole Systems. 
By J. D. Bower and F. P. Doy Le. 


Derivatives of 3 : 4-fused 1 : 2: 4-triazoles and 1 : 5-fused tetrazoles have 
been obtained from nitrogen-heterocycles bearing a 2-hydrazino-group. The 
reactions of ethyl acetoacetate and acetylacetone with 3-amino-1] : 2: 4- 
triazole lead to ring formation involving the amino-group and the 4-nitrogen 
atom of the triazole ring, but reaction of acetylacetone with 3-amino-5-phenyl- 
1: 2: 4-triazole involves the 2-nitrogen atom. 


THE preparation of fused triazole and tetrazole systems by the formation of a five- 
membered ring between a heterocyclic nitrogen atom and a 2-hydrazino-group appears to 
have been first reported by Marckwald and Meyer.! These workers prepared s-triazolo- 
[4,3-a]quinoline (I) by the action of formic acid on 2-quinolylhydrazine; later Marckwald 
and Rudzik,? Fargher and Furness,’ and Graf and his co-workers * prepared similar com- 
pounds from 2-pyridylhydrazines. More recently Druey and Ringier ® reported related 
work on hydrazinophthalazines and extended the formic acid condensation to the use of 
other acids and acid chlorides. 

1 Marckwald and Meyer, Ber., 1900, 33, 1885. 

* Marckwald and Rudzik, Ber., 1903, 36, 1111. 

3 Fargher and Furness, J., 1915, 688. 


* Graf, Lederer-Ponzer, Kopetz, Purkert, and Laszlo, J. prakt. Chem., 1933, 188, 244. 
5 Druey and Ringier, Helv. Chim. Acta, 1951, 34, 195. 
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As part of another investigation some of the above reactions have been extended to 
other heterocyclic hydrazines. The action of benzoyl chloride in pyridine on 2-pyridyl- 
hydrazine gave the benzoyl] derivative (II) and, in contrast to the experiences of Druey and 
Ringier 5 in similar reactions, it was found necessary to heat this with phosphoryl chloride 
to effect ring closure to 3-pheny]-s-triazolo[4,3-a]pyridine (III). This compound was also 
obtained by dehydrogenation of benzaldehyde 2-pyridylhydrazone (IV) with lead tetra- 
acetate, a reagent used in an analogous synthesis of benziminazoles from Schiff’s bases of 


TABLE 1. Hydrazones. 


Cryst.* Found (%) Required( %) 
No. Hydrazone from M. p. Formula Cc H N Cc H N 
1 p-Bromobenzaldehyde 4-hydr- G? 272° C,.H,,ON,Br — — 183* — — 18-2* 
oxy-6-methyl-2-pyrimidyl- 
2 m-Nitrobenzaldehyde 4-hydr- A¢ 285 C,.H,,0O,N; 53-4 45 26-0 52-7 4:1 25-6 
oxy-6-methyl-2-pyrimidyl- (decomp.) 
3 Benzaldehyde 4: 6-dimethyl-2- H 161 C,3HyN, 68-9 62 — 690 62 — 
pyrimidyl- 4 
4 p-Bromobenzaldehyde 4 : 6-di- B 164 C,;3HyN,Br 511 40 = - 512 43 — 
methyl-2-pyrimidyl- ¢ , 
5 Benzaldehyde 6-methyl-4-pyr- E 209 C,.H,,N, 68-3 5-7 - 679 57 — 
imidyl-* 
6 Benzaldehyde 5-nitro-2-pyridyl- FS 233 C,,H,,0,N, 59-3) 4:2 59-5 4:2 
7 p-Bromobenzaldehyde 2-benzo- F°* 280 CyHyNsSBr 50-4 3-1 12-6 50-6 3-0 12-6 


thiazolyl- 


* Needles (except as stated), from: A, acetic acid; B, benzene; C, 2-methoxyethanol; D, water; 
E, aqueous ethanol; F, industrial methylated spirit; G, ethyl methyl ketone; H, ligroin; J, ethyl 
acetate. ° Prisms. * Pale yellow. ¢ Prepared from 4: 6-dimethyl-2-pyrimidylhydrazine in 
benzene by azeotropic removal of water. ¢* Prepared in ethanol. 4 Brown. 

* Found: Br, 25-9; Reqd.: Br, 26-:0%. 


TABLE 2. Aryltriazoles.* 
From 
hydr- 
azone Cryst.* Found (%) Required (%) 
Compound no. from M. p. Formula Cc H N Cc H N 
-Hydroxy-7-methyl- — A,then ¢340° C,,H,,ON, 63-7 4:3 63-7 45 — 
3-phenyl-s-triazolo- F 
[4,3-a]pyrimidine * 
-p-Bromophenyl-5- 1 A +340 C,,H,ON,Br 47-2 30 — 47:2 30 — 
hydroxy-7-methyl-s- 
triazolo[4,3-a]pyr- 
imidine 
-Hydroxy-7-methyl- 2 A +340 C,,H,O,N,;,H,O 50-3 3-6 24-1 49-8 3-8 24-2 
3-m-nitrophenyl-s- 
triazolo[4,3-al|pyr- 
imidine 
5 : 7-Dimethyl-3- 3 Be 260 C,,;H,.N, — — 2%2 — -— 25-0 
phenyl-s-triazolo- 
[4,3-a] pyrimidine 
7-Methyl-3-phenyl-s- 
triazolo[4,3-c]pyr- 
imidine 
5-Nitro-3-phenyl-s- 6 jé 207 C,,H,O.N, 60-6 36 — 600 34 — 
triazolo[4,3-a]pyr- 
idine 
3-Phenyl-s-triazolo- -— B 229 C,,H,N;S,CH,CO,H 62-0 4:2 13-5 61:7 42 13:5 
[3,4-b]benzothiazole ¢ 
3-p-Bromophenyl-s- 7 B 240 C,,H,N,;BrS,CH,COH —- — 105 — — 108 
triazolo[3,4-b]- 
benzothtazole f 
Diphenyl-s-triazolo-s- - C 268 C,,;H,,N; 69-0 43 - 68:9 42 — 
triazole # 


as 
Se 


co 


cr 
oO 
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bo 
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o 
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H 187 C,,H,,N,CH,CO,H 62-2 


* Prepared in acetic acid, except for the fourth compound, which was prepared in benzene. 

* See footnote a of Table 1. * Prepared from benzaldehyde 4-hydroxy-6-methyl-2-pyrimidy]- 
hydrazone.*-1* © Plates. ¢ Yellow. * Prepared from benzaldehyde 2-benzothiazolylhydrazone, 
m. p. 228°.1%16 JS Found: Br, 21-3. Reqd.: Br, 20-5%. # Structure uncertain; prepared from 
benzaldehyde 5-phenyl-1 : 2 : 4-triazolyl-3-bydrazone."? 
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o-diamines. This method of ring closure has been successfully applied to other aryl- 
hydrazones (Table 1) to give the triazoles shown in Table 2. 

Tarbell e¢ al.” reported the reaction of 2-pyridylhydrazine with one equivalent of carbon 
disulphide to give 3-mercapto-s-triazolo[4,3-a}pyridine (V). We have applied a similar 
treatment to other hydrazines to prepare the fused mercaptotriazoles shown in Table 3. 

By the methods of ring formation described above, 2-pyrimidylhydrazines which are 
not symmetrically substituted at positions 4 and 6 (e.g., VI; R = OH) might each give 
one or both of two isomeric products. When 4-hydroxy-6-methyl-2-pyrimidylhydrazine 
(VI; R= OH) was treated with benzoyl chloride followed by phosphoryl chloride, 
formation of the triazole ring was accompanied by replacement of the hydroxyl group by 
chlorine to give a product which may be formulated as (VII or VIII; R=Cl). Cyclis- 
ation of the hydrazone (IX) with lead tetra-acetate gave a compound which, likewise, may 


TABLE 3. Mercaptotriazoles. 


Cryst.* 
Compound from M.p.* Formula Found (%) Required (%) 
3-Mercapto-9H-s-triazolo[3,4-b]benz- 

CE ticinccicdcanentmensensnasnnsiion E 284° C,H,N,S N, 29-3; S, 16-7 N, 29-5; S, 16-9 
3-Mercapto-s-triazolo[3,4-b]benzothiazole B 255 C,H,;N;S, C, 46-6; H, 2-6 C, 46-4; H, 2-4 
5 : 7-Dimethyl-3-mercapto-s-triazolo- 

[4,3-a]lpyrimidine® — ....ccccccccccccecees De 241 C,H,N,S_ C, 46-8; H, 46 C, 46-6; H, 4-5 
5-Hydroxy-3-mercapto-7-methyl-s-tri- ; 

azolo[4,3-a]pyrimidine®  ......cscseeees D 273 C,H,ON,S N, 30-9 N, 30-8 


* See footnote a of Table 1. ° From 2-benziminazolylhydrazine, prepared from the sulphonic 
acid 18 by reaction with hydrazine hydrate (90%) for 10 min. under reflux.1® ¢* Lemon-yellow product ; 
reaction with chloroacetic acid in water gave 3-carboxymethylthio-5 : 7-dimethyl-s-triazolo[4,3-a]pyr- 
imidine as needles, m. p. 183°, from water (Found: C, 45-4; H, 4:2. C,H,,O,N,S requires C, 
45-4; H, 42%). 4 Cream prisms; reaction with chloroacetic acid in water gave 3-carboxymethylthio- 
5-hydroxy-7-methyl-s-triazolo[4,3-a]pyrimidine as needles, m. p. 251° (decomp.), from water 
(Found: C, 40-2; H, 3-6; S, 13:7. C,H,O,N,S requires C, 40-0; H, 3-4; S, 13-3%). * With 
decomp. 


have either structure (VII; R = OH) or (VIII; R = OH) and was converted by phos- 
phoryl chloride into the same chloro-compound as was obtained from the phosphoryl 
chloride cyclisation mentioned above. Evidence concerning the structure of these com- 
pounds was provided by the work of Birr ** and Birr and Walther ® published while the 
present work was in progress. They showed that the reaction of formic acid with 4-hydr- 
oxy-6-methyl-2-pyrimidylhydrazine (VI; R = OH) (reaction a) gave the same compound 
as that previously said to be (XIII; R = OH, R’ = Me, R” = H) prepared by Bulow and 
Haas ® by the action of ethyl acetoacetate on 3-amino-l : 2: 4-triazole (X; R =H) 
(reaction 6). They also produced evidence suggesting that in the latter reaction the 
amino-group of (X; R = H) reacts preferentially with the keto- rather than with the ester 
group of ethyl acetoacetate and thus that the product of reactions a and 0 has the structure 
(XI). It therefore appears that cyclisations of derivatives of our hydrazine (VI; R = 
OH) involve the nitrogen atom adjacent to the hydroxyl group, and the products obtained 
in the present work have been formulated accordingly. 

The conclusions reached by Birr and Walther 8 as to the reactive nitrogen of the triazole 
ring of (X; R = H) have been confirmed by a study of the simpler case of 4 : 6-dimethyl- 
2-pyrimidylhydrazine (VI; R =Me). This compound with formic acid gave the same 
product (XII) as did the reaction between acetylacetone and 3-amino-l : 2 : 4-triazole 
(X; R=H). The latter reaction, therefore, like that of (X; R = H) with ethyl aceto- 
acetate, involved the 4-nitrogen atom of the triazole ring rather than, as assumed by 
Bulow and Haas,® the 2-nitrogen atom. 

® Stephens, Nature, 1949, 164, 342; Stephens and Bower, J., 1949, 2971; 1950, 1772. 

7 Tarbell, Todd, Paulson, Lindstrom, and Wystrack, J. Amer. Chem. Soc., 1948, 70, 1381. 

8 (a) Birr, Z. wiss. Photogr. Photophysik. Photochem., 1952, 47, 8; (6) Birr and Walther, Chem. 


Ber., 1953, 86, 1401. 
® Bulow and Haas, Ber., 1909, 42, 4638. 
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In contrast, however, cyclisation of benzaldehyde 4 : 6-dimethyl-2-pyrimidylhydrazone 
gave the triazolopyrimidine (VII; R = Me) which was different from the product from 
the reaction of 3-amino-5-phenyl-1 : 2 : 4-triazole (X; R = Ph) with acetylacetone. This 


| 
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2 . N 
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e 
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is therefore formulated as the isomeric structure (XIII; R = R’ = Me, R” = Ph), cyclis- 
ation having involved the 2-nitrogen atom of the triazole (X; R= Ph). The triazolo- 
pyrimidine obtained from the reaction of the triazole (X; R = Ph) with ethyl aceto- 
acetate was also found to be different from that obtained by the cyclisation of benzaldehyde 


N N. UN, iets 
HANG yr “Ci , @> 1 


(X) Me (XII) R (XII) 
(VI; Re OH) ) Me Z ey (X; R=H) ve oy 
> + i 
H-COsH | ie ¥ Me-CO-CH,*CO,Et » ee 
*% (XI) R (XIV) 


4-hydroxy-6-methyl-2-pyrimidylhydrazine and assigned by us the structure (VII; R = 
OH). Since no direct evidence exists as to whether the keto- or ester grouping of ethyl 
acetoacetate will react primarily with the amino-group of 3-amino-5-phenyl-l : 2 : 4-tri- 
azole it is not possible to assign a definite structure to the product from this reaction, the 
alternatives (VIII; R = OH), (XIII; R = Me, R’ = OH, R” = Ph) and (XIII; R= 
OH, R’ = Me, R” = Ph) being feasible, the last being preferred on the basis of the present 
work and by analogy with the evidence of Birr ** and Birr and Walther. 

The known reaction of heterocyclic hydrazines with nitrous acid to form fused 
tetrazoles has been applied to some of the hydrazines prepared during the present work. 
It is noteworthy that such a reaction, using 4-hydroxy-6-methyl-2-pyrimidylhydrazine 
(VI; R =OH), gave a compound apparently identical with that obtained by Bulow 1° 
from the reaction of 5-aminotetrazole with ethyl acetoacetate. Of the two probable 
formule, (XIV; R = OH, R’ = Me and vice versa), for this compound the analogy of the 
triazoles suggests the former, which is also that assumed by Bulow. 


EXPERIMENTAL 
M. p.s are corrected. 
6-Methyl-4-pyrimidylhydrazine —6-Methyl-4-methylthiopyrimidine 44 (3-4 g.) was heated 
under reflux with 90% hydrazine hydrate (5c.c.) for hr. The solid (2-1 g.) was removed from 


10 Bulow, Ber., 1909, 42, 4429. 
11 Marshall and Walker, J., 1951, 1004. 
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the cooled mixture and crystallised from benzene, to give the hydrazine as needles, m. p. 140° 
(Found : C, 48-7; H, 6-2. C;H,N, requires C, 48-4; H, 6-5%). 

4-Hydroxy-6-methyl-2-pyrimidylhydrazine (VI; R = OH).**—This hydrazine, m. p. 240°, 
was prepared from 6-methyl-2-thiouracil and alcoholic hydrazine hydrate in 55% yield (Found : 
N, 39-6. Calc. forC;H,ON,: N, 40-0%). 

Hydrazones.—Details of hydrazones not previously described are given in Table 1. Except 
where otherwise stated they were prepared in 50% aqueous acetic acid. 

Aryl-substituted Fused Triazoles—These were prepared in acetic acid or benzene solution 
by the action of lead tetra-acetate on the appropriate hydrazone, and are listed in Table 2. 
The yields of crude material exceeded 50%. The following examples illustrate the experi- 
mental methods. 

3-Phenyl-s-triazolo[4,3-a]pyridine (III). (a) Lead tetra-acetate (2-2 g.) was added to a 
benzene solution of benzaldehyde 2-pyridylhydrazone * (1-0 g.). The mixture was warmed to 
complete the reaction, water was added, and the benzene was removed by steam-distillation. 
The crystals (0-6 g.), m. p. 175°, which formed in the cooled residue, were recrystallised from 
benzene and gave the triazolopyridine as plates, m. p. 176° (Found: C, 73-9; H, 4:4; N, 21-6. 
C,,H,N,; requires C, 73-8; H, 4:6; N, 21:5%). The picrate, from methanol, formed yellow 
needles, m. p. 234° (Found: C, 50-7; H, 2-9. C,,H,N;,C,H;0,N,; requires C, 50-9; H, 
2-9%). 

(b) Benzoyl chloride (7-0 c.c.) was slowly added to an ice-cold solution of 2-pyridylhydrazine 
(5-5 g.) in pyridine (50 c.c.). After 30 min. the solution was heated for 1 hr. on the water-bath 
and poured into cold water (ca. 200 c.c.). The crude N-benzoyl-N’-2-pyridylhydrazine (7-9 g.), 
m. p. 184—188°, was crystallised from 50% aqueous propylene glycol for use in the next stage. 
A sample, crystallised twice from xylene, formed needles, m. p. 193° (Found: C, 67-9; H, 5-1. 
C,.H,,ON; requires C, 67-6; H, 5-2%). The once crystallised benzoyl compound (3-9 g.) was 
heated under reflux for 3 hr. with phosphoryl] chloride (13 c.c.). The excess of phosphoryl 
chloride was removed under reduced pressure and the residue was decomposed with ice and 
sodium hydroxide solution. The solid product (2-3 g.) was removed and crystallised from 
benzene as plates, m. p. 176°. Both the base and its picrate, m. p. 234°, were identical (mixed 
m. p.s) with those prepared by method (a). 

3-p-Bromophenyl-5 : 7-dimethyl-s-triazolo[4,3-a]pyrimidine. p-Bromobenzaldehyde 4: 6-di- 
methyl-2-pyrimidylhydrazone (1-0 g.) and lead tetra-acetate (1-5 g.) were allowed to react in 
acetic acid (5c.c.). On the addition of water a precipitate (0-7 g.) was formed which crystallised 
from ethanol. The triazolopyrimidine formed plates, m. p. 286° (decomp.) (Found: C, 51-3; 
H, 3-7. C,3;H,,N,Br requires C, 51-5; H, 3-7%). 

Mercapto-substituted Fused Triazoles.—The thiols detailed in Table 3 were prepared from the 
hydrazine in hot aqueous ethanol in the presence of one equivalent of potassium hydroxide and 
an excess of carbon disulphide until the evolution of hydrogen sulphide was complete. The 
thiol was liberated by dilute acid. 

5-Hydroxy-7-methyltetrazolo[1,5-a]pyrimidine (XIV; R = OH, R’ = Me).—A solution of 
sodium nitrite (1-5 g.) in water (5 c.c.) was added to a solution of 4-hydroxy-6-methy]l- 
2-pyrimidylhydrazine (2-8 g.) in N-hydrochloric acid solution (20 c.c.), and the suspension was 
heated to the b. p. The precipitate (2-6 g.) which was formed from the cooled solution crystal- 
lised from aqueous alcohol and then water as needles, m. p. 253° (previous decomp.) (Found : 
C, 39-6; H, 3-2. Calc. forC;H,ON,: C, 39-7; H, 3-3%). Light absorption in 0-082N-NaOH : 
Max. at 219 my (log ¢ 4:33) and 276 my (log ¢ 3-47); min. at 259 my (log e 3-37). The m. p. was 
undepressed on admixture of the compound, m. p. 253° (decomp.), prepared from ethyl aceto- 
acetate and 5-aminotetrazole, for which Bulow !° reported m. p. 246—247°. Light absorption 
in 0-082N-NaOH as above. 

The following tetrazoles were prepared similarly : Tetrazolo[5,1-b}benzothiazole (from 2-benzo- 
thiazolylhydrazine), colourless needles, m. p. 109°, from water (Found: C, 47-2; H, 2-2. 
Calc. for C,;H,N,S: C, 47-7; H, 2-3%), stable to light. Colonna and Andrisano }* obtained this 
tetrazole as orange needles, becoming red in the light, m. p. 111°. 

9H-Tetrazolo[5,1-b]benziminazole (from 2-benziminazolylhydrazine; see note b, Table 3), 
needles, m. p. 189° (decomp.), from aqueous methanol, becoming dark in light (Found: C, 52-5; 
H, 3-4. C,H,;N, requires C, 52-8; H, 3-2%). 

12 Colonna and Andrisano, Pubblicazioni dell’istituto di chimica industriale dell universita di Bologna, 
1943, No. 5, 3; through Chem. Abs., 1947, 41, 754. 
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5-Chloro-7-methyl-3-phenyl-s-triazolo[4,3-a]pyrimidine (VII; R =Cl).—(a) 5-Hydroxy-7- 
methyl]-3-phenyl-s-triazolo[4,3-a]pyrimidine (2-2 g.) was heated under reflux in phosphoryl 
chloride (10 c.c.) and dimethylaniline (2-2 c.c.) for 2 hr. The excess of solvent was removed 
under vacuum and the complex was decomposed with ice and basified, yielding a brown solid. 
This formed needles (0-55 g.) of the triazolopyrimidine, m. p. 218°, on crystallisation from 
2-methoxyethanol (Found : C, 58-7; H, 3-8. C,,H,N,Cl requires C, 58-9; H, 3-7%). 

(b) Benzoyl chloride (4-0 c.c.) was slowly added to an ice-cold suspension of 4-hydroxy-6- 
methyl-2-pyrimidylhydrazine (4-2 g.) in pyridine (20 c.c.). The mixture was heated on a 
steam-bath for 30 min., and poured into water, N-benzoyl-N’-4-hydroxy-6-methyl-2-pyrimidyl- 
hydrazine (6-2 g.) separating. This was crystallised twice from ethylene glycol, as needles, m. p. 
286° (Found: C, 58-4; H, 5-1; N, 23-0. C,,H,.O,N, requires C, 59-0; H, 4:9; N, 22-9%). 
This benzoyl compound (2-6 g.) was heated under reflux with phosphoryl chloride (12 c.c.) for 
30 min. and the crude product (1-2 g.) was isolated in the usual manner. On crystallisation 
from 2-methoxyethanol it formed small needles, m. p. 218°, not depressed on admixture with 
those obtained by method (a). 

5 : 7-Dimethyl-s-triazolo[4,3-a]pyrimidine (XII).—4 : 6-Dimethyl-2-pyrimidylhydrazine ™° 
(1-0 g.) was boiled under reflux for 4 hr. with 98% formic acid (3 c.c.). The excess of acid was 
removed under reduced pressure on the water-bath and the residue was crystallised first from 
benzene-ligroin and then from ethyl acetate as long needles, m. p. 136° (Found: C, 56-2; H, 
5-5. Calc. for C;H,N,: C, 56-7; H, 5-4%). The m. p. was undepressed on admixture of the 
compound, m. p. 136°, prepared from acetylacetone and 3-amino-1 : 2: 4-triazole (Bulow and 
Haas ® reported m. p. 133°). 

5 : 7-Dimethyl-2-phenyl-s-triazolo[2,3-a]pyrimidine (XIII; R = R’ = Me, R” = Ph).—A 
solution of 3-amino-5-phenyl-1 : 2 : 4-triazole 4 (1-6 g.) and acetylacetone (1-1 g.) in acetic acid 
(7-5 c.c.) was heated under reflux for 14 hr. and then evaporated to dryness under reduced 
pressure on the water-bath. Dilute aqueous sodium hydroxide and chloroform were added, 
the mixture was shaken well, and the chloroform layer removed. The aqueous layer was 
extracted again with chloroform and the combined chloroform extracts were evaporated to 
dryness. Crystallisation of the residue from methanol gave the triazolopyrimidine (2-0 g.) as 
needles, m. p. 174°. Recrystallisation raised the m. p. to 175° (Found: C, 70-0; H, 5-7. 
C,3;H,.N, requires C, 69-6; H, 5-4%). When the reaction was carried out (2 hr.) in boiling 
ethanol containing a drop of piperidine, a compound (1-4 g.) was obtained which was presumably 
acetylacetone bis-5-phenyl-1 : 2: 4-triazol-3-ylimine. It formed needles, m. p. 230°, from 
methanol (Found : C, 65-6; H, 5-3; N, 29-3. C,,H2 N, requires C, 65-6; H, 5-2; N, 29-2%). 

Triazolopyrimidine from 3-Amino-5-phenyl-1 ; 2 : 4-triazole and Ethyl Acetoacetate.—3-Amino- 
5-phenyl-1 : 2 : 4-triazole (2-2 g.) and ethyl acetoacetate (1-8 g.) were heated under reflux for 
3 hr. in acetic acid (10 c.c.). The cooled solution deposited the crystalline triazolopyrimidine 

2-5 g.). Recrystallisation from 2-ethoxyethanol gave prisms, m. p. >340° (Found: C, 63-2; 
H, 4:6. C,,.H,,ON, requires C, 63-7; H, 4-5%). 
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142. Chlorophyll and Related Compounds. Part VI.* The 
Synthesis of Octaethylchlorin. 
By ULt1 EIsNER, ALEKSANDRA LICHTAROWICZ, and R. P. LINSTEAD. 
A five-stage synthesis of 3 : 4-diethylpyrrole has been developed. From it, 

octaethyl-chlorin (IX) and -porphin (X) have been prepared in good yield 

by way of the Mannich base (VIII). The interconversion of these pigments 

is described. 
WE have continued our study of fully substituted porphyrins and chlorins by examining 
octaethylchlorin (IX). The main reasons were two: although the corresponding octa- 
methylchlorin could be synthesised} the preparation of the pyrrolic intermediates was 
complicated and tedious; secondly, octamethylporphin had a very low solubility which 
made it difficult to use in reactions. It seemed reasonable to expect that the octaethyl 
series might be more convenient in both respects and this has proved to be true. 

Our starting material for the synthesis was ethyl 4-acetyl-3-ethyl-5-methylpyrrole-2- 
carboxylate (II). This had previously been prepared ? in four stages from dipropionyl- 
methane, the preparation of which is itself tedious. However, we have obtained it directly 
by a reverse type of Knorr reaction (cf. Corwin and Quattlebaum *) of acetylacetone and 
ethyl 3-oxopentanoate (I) (as its 2-hydroxyimino-derivative) in 55% yield. Fischer 
and Baumler? appear to have tried this method although they do not record 
experimental details. It was rejected on account of a supposed difficulty in the preparation 
of ethyl 3-oxopentanoate. The keto-ester (I) can, however, be readily and consistently 
obtained in up to 67% yield by the method of Anderson é al.4 (action of ethylmagnesium 
iodide on ethyl cyanoacetate). Substitution of ethylmagnesium bromide for the iodide 
caused the yield to drop to 22%. Catalytic hydrogenation of the pyrrole (II) afforded 
the known ethyl 3 : 4-diethyl-5-methylpyrrole-2-carboxylate (III) in 82yield.% 

Conversion of the pyrrole (III) into the acid ester (IV) presented some difficulty. 
Fischer et al.5 reported that the action of sulphuryl chloride on the pyrrole (III) afforded 
this substance. It was described as having m. p. 264°. In our preliminary experiments, 
when this method was followed exactly, we obtained a small amount of a material of 
m. p. 264°, but in subsequent experiments an acidic product of m. p. 196° was consistently 
obtained. Elementary analysis, ethoxyl content, and molecular and equivalent weights 
confirmed the structure of this material as being the half-ester, 3 : 4-diethyl-5-ethoxy- 
carbonylpyrrole-2-carboxylic acid (IV). On alkaline hydrolysis it afforded the diacid (V) 
which had m. p. 264° and may well be identical with the product obtained by Fischer.t 

The structure of our diacid (V) was confirmed by conversion into its dimethyl ester, 
m. p. 82°. The esterification of our material of m. p. 264°, obtained directly in the 
sulphuryl chloride reaction, afforded a crude diester, m. p. 77°, the melting point of which 
was not depressed in admixture with the authentic diester. We attempted to decarb- 
oxylate our half-ester, m. p. 196°, to the monoester (VI; R = OEt) by direct heat and 
by boiling 2-aminoethanol (cf. Chu and Chu *) but the only product was a high-boiling 
intractable oil which was produced in poor yield. In one experiment where excess of 
2-aminoethanol was employed we isolated a crystalline 2-hydroxyethylamide (VI; R = 
NH-CH,°CH,°OH). Corwin e¢ al.” record a similar example of a pyrrolic acid which was 
not decarboxylated smoothly. 

* Part V, J., 1956, 2280. 


+ Nevertheless, Fischer records elementary analyses and an ethoxyl figure for his 264° compound 
which agree with the values required by the half-ester (IV). 


1 Eisner, Linstead, Parks, and Stephen, /., 1956, 1655. 

2 Fischer and Baumler, Annalen, 1928, 468, 58. 

$’ Corwin and Quattlebaum, J]. Amer. Chem. Soc., 1936, 58, 1083. 
* Anderson, Halverstadt, Miller, and Roblin, ibid., 1945, 67, 2197. 
5 Fischer, Guggemos, and Schafer, Annalen, 1939, 540, 30. 

* Chu and Chu, J. Org. Chem., 1954, 19, 266. 

? Corwin, Bailey, and Viohl, J. Amer. Chem. Soc., 1942, 64, 1267. 
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The same half-ester (IV) was obtained consistently in 70% yield by MacDonald and 
MacDonald's ® modification of Fischer’s method, with the aldehyde (VII) isolated as a 
by-product. Corwin’s modification 7 of Fischer's method resulted in a 24% yield of the 
pyrrole (IV). 

3 : 4-Diethylpyrrole was prepared from the half-ester (IV) in 72% yield by an adapt- 
ation of Fischer’s procedure, and in 49% yield by the indirect route } which involved 
decarboxylation of the intermediate diacid (V) with 2-aminoethanol. 3: 4-Diethyl- 
pyrrole had m. p. 13°; Fischer e¢ al. reported an oil. 

The Mannich base (VIII; R = NMe,) was prepared, by the method employed in our 
previous work,! in up to 79% yield, as an oil which decomposed on attempted distillation. 
We were not able to purify it but characterised it as the picrate. A much more stable 


Me*CO*CH,*CO*Me MeCO Et Et Et Et Ec 
ies | | ~~ 8 | — | | 
Et*CO*CH,*CO,Et Me CO, Et Me CO, Et HO,C CO, Et 
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H (II) H (ITI) H (IV) 
Et ) ) Et Et | | Et Et i | Et Et ] | Et 
HO,C CO>H COR EtO,C CHO CH,R 
, Y Y y 
(V) (VI) (VII) (VIII) 


base and a better intermediate for the formation of pigments is the allied piperidine 
compound (VIII; R = NC,;H,,) prepared from 3:4-diethylpyrrole, piperidine, and 
formaldehyde. This proved to be a solid which, although it could not be distilled, 
crystallised from acetone at —80°. 

Octaethylchlorin (IX) was prepared by the method previously employed.+® When 
the crude base (VIII; R = NMe,) was used, variable yields of the chlorin (IX) and the 
known octaethylporphin (X) were obtained : in one case, 13% of the chlorin (IX) with only 
traces of the porphin (X), in others, O—2% of the chlorin with up to 40% of the porphin. 
Although the conditions governing the reaction were closely investigated, it was not 
possible to get reproducible results. The base (VIII; R = NC,;H, 9) was next studied. 
The chlorin (IX) was formed from it readily at room temperature in about 2% yield, in 
contrast to unsubstituted chlorin ® where under the same conditions only traces of the 


(IX) 





pigment were produced. From this observation we were able to determine the optimum 
conditions as being a reaction time of 16 hr. at room temperature, followed by 4 hr. at 140°. 
That these conditions are very specific is shown by the fact that when the reaction time 
at room temperature was increased to 30 hr., the total yield of the chlorin (IX) was only 
3—4% as opposed to 10—15% under optimum conditions. The yields of the chlorin 


* MacDonald and MacDonald, Canad. J. Chem., 1955, 38, 573. 
* Eisner and Linstead, J., 1955, 3742. 
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(IX), although not completely reproducible, did not vary as much as when the base 
(VIII; R = NMe,) was used. A considerable amount of the porphin (X) was usually 
formed in the reaction. 

The pigments (IX) and (X) were readily separated and purified by chromatography 
on alumina (cf. ref. 1) or magnesium oxide. The light absorptions of the pigments as well 
as that of the copper derivative of the chlorin (IX), prepared in the usual manner, are 
given in the Table. 

Octaethylchlorin was readily dehydrogenated by 2: 3-dichloro-5 : 6-dicyano-l : 4- 
benzoquinone at room temperature (cf. Eisner and Linstead }°); the crystalline octa- 


Light absorption data (in benzene). 


Octaethylchlorin Octaethylporphin Copper octaethylchlorin 

Amex. (mz) € Amax. (mz) € Amax. (mp) € 

392 * 182,300 400 * 159,000 399 * 146,000 

489 14,400 498 14,500 494 5,900 

496 13,300 532 10,800 531 5,000 

522 5,300 568 6,800 569 8,400 

545 2,500 596 1,500 613 53,000 

591 5,100 622 5,800 

618 5,500 

645-5 68,600 * Soret band. 


ethylporphin (X) was isolated in 64% yield. Quantitative dehydrogenation gave similar 
results to those obtained in our earlier work. 

Reduction of the porphin (X) by the method of Schlesinger et al.14 afforded the chlorin 
(IX) in about 30% yield, accompanied by a red tetrahydro-pigment with an intense orange 
fluorescence.!* Traces of this pigment were occasionally formed in the preparation of the 
chlorin (IX). 

The interconvertibility of a chlorin and a porphin has thus been demonstrated for the 
first time. This provides further evidence of the relations between the two pigments. 


EXPERIMENTAL 


Ethyl 3-oxopentanoate (I) was prepared by the method of Anderson ef al.‘ in 58% yield and 
had b. p. 80°/10 mm., n?? 1-4228. By allowing the Grignard complex to stand for 90 hr. instead 
of the 60 hr. reported the yield was raised to 67%. When ethylmagnesium bromide was used 
instead of the iodide the yield was 22%. 

Ethyl 4-Acetyl-3-ethyl-5-methylpyrrole-2-carboxylate (II).—Ethyl 3-oxopentanoate (118 g., 
1 mol.) in acetic acid (350 ml.) was treated with sodium nitrite (70 g., 1-2 mols.) in water (170 
ml.) at 0° to 5°. The cooled solution was stirred for 4 hr. at 0° and kept overnight at room 
temperature. The solution was added to a well-stirred mixture of acetylacetone (96 g., 2-4 
mols.), zinc dust (135 g., 2-4 mols.), and sodium acetate (100 g., 1-5 mols.), so that the mixture 
refluxed gently. After the initial reaction had ceased, the mixture was boiled under reflux 
for 4 hr. and poured while hot into ice-water (15 1.). The crude product (II), m. p. 115°, was 
filtered off, washed with water, and crystallised from ethanol, affording white crystals (98g.,55%), 
m. p. 118-5° (lit., m. p. 115°). 

Ethyl 3 : 4-Diethyl-5-methylpyrrole-2-carboxylate (III).—The pyrrole (II) (50 g.) in ethanol 
(350 ml.) was hydrogenated for 2 hr. at 160°/150 atm. in presence of Raney nickel (~4 g.). 
Removal of the solvent under reduced pressure and crystallisation from light petroleum (b. p. 
60—80°) afforded the pyrrole (III) (38 g., 83%), m. p. 77° (lit., m. p. 75°). 

3 : 4-Diethyl-5-ethoxycarbonylpyrrole-2-carboxylic Acid (IV).—(a) Freshly distilled sulphury] 
chloride (21 ml., 3 mols.) was added dropwise to a stirred solution of the pyrrole (II1) (18 g., 
1 mol.) in anhydrous ether (150 ml.) at 0°. The mixture was stirred for 2 hr. and kept at 0° 
for 30 hr. Excess of sulphuryl chloride was decomposed by slow addition of ice-cold water 
(25 ml.), and the solvent removed under reduced pressure. Sodium acetate (20 g.) in boiling 

10 Eisner and Linstead, J., 1956, 3749. 


11 Schlesinger, Corwin, and Sargent, J. Amer. Chem. Soc., 1950, 72, 2867. 
32 Result to be published later. 
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water (400 ml.) was added to the residual oil and the mixture was boiled with vigorous stirring 
until the oil A solidified (about 5 min.). The product was cooled and filtered. The aqueous 
filtrate C was extracted twice with ether, and the extracts B were washed with 10% sodium 
hydroxide solution (30 ml.). The residue A was dissolved in 10% sodium hydroxide 
solution (150 ml.) and washed thrice with ether. The combined alkaline solutions were 
acidified with concentrated hydrochloric acid in the cold, affording 3: 4-diethyl-5-ethoxy- 
carbonylpyrrole-2-carboxylic acid (IV) (16-8 g., 70%) which separated from aqueous ethanol as 
a white powder, m. p. 196° (decomp.) [Found: C, 60-2; H, 7-2; N, 5-7; OEt, 19-4%; equiv., 
234; M (Rast), 195. C,,H,,O,N requires C, 60-2; H, 7-2; N, 5-85; OEt, 18-8%; equiv., 
239; M, 239]. Evaporation of the combined ether extracts B + C afforded ethyl 3 : 4-diethyl-5- 
formylpyrrole-2-carboxylate (VII) which was purified by crystallisation from aqueous alcohol 
and sublimation at 100°/20 mm. It then had m. p. 53° (Found: C, 64-5; H, 7-7; N, 6-2. 
C,,H,,0,N requires C, 64-55; H, 7-7; N, 63%). 

(6) Bromine (0-7 ml., 1-2 mols.) in anhydrous ether (10 ml.) was added slowly to a stirred, 
cooled solution of the pyrrole (III) (1-8 g., 1 mol.) in ether (10 ml.). Scratching precipitated 
the crude bromo-derivative, m. p. 88°. It was filtered off, washed with anhydrous ether (20 ml.), 
dried, suspended in anhydrous ether (40 ml.), and treated with sulphuryl chloride (2-1 ml., 
3 mols.) at >3°. Working up the product as under (a) afforded the acid ester (IV) (0-52 g., 
24%). 

(c) The pyrrole (III) (1-8 g.) in anhydrous ether (5 ml.) was treated dropwise with sulphuryl 
chloride (3-5 g., 2-4 ml.) at 0°. The solution was kept overnight at 0° and washed with cold 
water. The solvent was removed under reduced pressure and the oily residue boiled with 
water (10 ml.) for 0-5 hr. The resulting mixture was extracted with ether, and the extracts 
were shaken with 20% sodium hydroxide solution 4 times. The diacid (V) (0-8 g., 40%) was 
precipitated in the cold by 50% acetic acid and crystallised from aqueous ethanol, then having 
m. p. 264° (decomp.). Its dimethyl ester, prepared with diazomethane, had m. p. 77°. 

Decarboxylation of 3: 4-Diethyl-5-ethoxycarbonylpyrrole-2-carboxylic Acid (IV).—The acid 
ester (IV) was boiled under reflux with 2-aminoethanol (2-5 ml.) for 1 hr. The solution was 
poured into water and extracted with ether. The ethereal extracts were dried, the solvent was 
removed, and the residue washed with light petroleum. Crystallisation from light petroleum 
(b. p. 60—80°) and sublimation at 100°/20 mm. afforded 3 : 4-diethyl-2-2’-hydroxyethylcarbamoyl- 
pyrrole (VI; R = NH°CH,°CH,°OH), m. p. 114° (Found: C, 63-1; H, 8-25; N, 13-0. 
C,,H,,0,N, requires C, 62-9; H, 8-6; N, 13-3%). 

3: 4-Diethylpyrrole-2 : 5-dicarboxylic Acid (V).—The acid ester (IV) (0-664 g.) in 10% 
sodium hydroxide solution (10 ml.) was boiled under reflux for 1-5 hr. Acidification of the 
cooled solution with 2N-hydrochloric acid afforded the diacid (V) (0-568 g., 96%). It was 
dissolved in 10% sodium hydroxide solution (10 ml.), treated with charcoal, reprecipitated, and 
crystallised from aqueous ethanol, to give 3: 4-diethylpyrrole-2 : 5-dicarboxylic acid (V), m. p. 
264° (decomp.) (Found: C, 56-9; H, 6-3; N, 65%; equiv., 107. C,)H,,0,N requires C, 56-9; 
H, 6-2; N, 66%; equiv., 106). A solution of the diacid (0-20 g.) in methanol (5 ml.) was 
treated with excess of ethereal diazomethane. Removal of the solvent, crystallisation from 
light petroleum (b. p. 40—60°), and sublimation at 100°/20 mm. afforded dimethyl 3 : 4-diethyl- 
pyrvole-2 : 5-dicarboxylate, m. p. 82° (Found: C, 60-2; H, 7-1; N, 5-9. C,,H,,0,N requires 
C, 60-2; H, 7-2; N, 5-85%). Its mixed m. p. with the dimethyl ester, m. p. 77°, of the acid 
obtained under (c) was 81°. 

3 : 4-Diethylpyrrole.—(a) The acid ester (IV) (62 g.) and sodium hydroxide (100 g.) in water 
(650 ml.) were heated in an autoclave for 2-5 hr. at 180° in nitrogen. The solution was saturated 
with sodium chloride and extracted with ether (15 times). The ethereal extracts were dried 
(K,CO,), the solvent was removed, and the residue distilled, affording 3: 4-diethylpyrrole, 
m. p. 13°, b. p. 82°/9 mm., u!9 1-4912 (Found: C, 77-5; H, 10-9; N, 11-3. Calc. for C,H,,N : 
C, 77-9; H, 10-6; N, 11-4%). The yield was 23 g. (72%); overall yield from (III), 51% [lit., 
b. p. 82°/10 mm., yield 54%; overall yield from (III), 38%]. 

(b) The acid ester (IV) was prepared as under (a) from the pyrrole (III) (30 g.) but was not 
isolated. Its alkaline solution was kept for 3 days, sodium hydroxide (15 g.) was added, and 
the solution boiled under reflux for 2 hr., cooled, and acidified. The precipitated diacid (V) 
was filtered off, dried, and boiled under reflux with 2-aminoethanol (15 g.) for 1 hr. After 
cooling and acidification with 2n-hydrochloric acid the solution was repeatedly extracted with 
ether. The ethereal extracts were washed with sodium hydrogen carbonate solution till neutral 
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and dried (K,CO,). Removal of the solvent and distillation under reduced pressure afforded 
3: 4-diethylpyrrole [4-85 g., 49%; overall yield from (III), 28%]. 

2-Dimethylaminomethyl-3 : 4-diethylpyrrole (VIII; R = NMe,).—3: 4-Diethylpyrrole (2-6 g., 
1 mol.) in methanol (20 ml.) was treated dropwise with a solution of dry dimethylammonium 
chloride (1-8 g., 1-05 mol.), potassium acetate (2-1 g., 1-05 mol.), and 40% aqueous formaldehyde 
(1-6 g., 1-05 mol.) in water (8 ml.) at —10° to 0° in an inert atmosphere. The solution was 
stirred for 1 hr. and kept at 0° for 9 hr. under nitrogen in an all-glass apparatus. It was acidified 
with dilute hydrochloric acid and extracted with ether. The aqueous layer was basified with 
2n-sodium hydroxide solution and extracted with ether. The extracts were washed with water 
and dried (MgSO,). Removal of the solvent under reduced pressure afforded the crude Mannich 
base (VIII; R = NMe,) (3-0 g., 79%). Its picrate, prepared in moist ether, crystallised from 
aqueous methanol and had m. p. 118° (decomp.) (Found: C, 49-7; H, 5-95; N, 16-9. 
C,,H.9N2,C,H,0,N; requires C, 49-9; H, 5-65; N,17-1%). In preparing the base the following 
precautions should be taken in order to obtain the maximum yield : (a) the reaction temperature 
should be —10° to 0°; (b) the reaction mixture should be kept for 6—9 hr. at 0°; (c) alloperations 
should be carried out under nitrogen; (d) all-glass apparatus should be used. 

3: 4-Diethyl-2-piperidinomethylpyrrole (VIIL; R = NCs;H, ).—3: 4-Diethylpyrrole (4-32 g., 
1 mol.) in methanol (50 ml.) was treated dropwise with a solution of piperidine (3-14 g., 1-05 
mol.) and 40% aqueous formaldehyde (2-71 g., 1-05 mol.) in methanol (10 ml.) at 5° in an 
inert atmosphere. The product was worked up as above. Crude 3: 4-diethyl-2-piperidino- 
methylpyrrole (5-55 g., 72%) was obtained with m. p. 77° by removal of the solvent under 
reduced pressure. Crystallisation from acetone at —80° afforded the pure base (2-9 g., 37%), 
m. p. 80° (Found : C, 76-6; H, 10-9; N, 12-7. C,,H,,N, requires C, 76-3; H, 11-0; N, 12-7%). 
Its picrate was formed in methanol and had m. p. 124° after crystallisation from methanol 
(Found: C, 53-7; H, 6-3; N, 15-4. C,,H.,N,,C,H,O,N, requires C, 53-4; H, 6-1; N, 15-6%). 

Preparation of Octaethylchlorin.—The chlorin (IX) was prepared essentially by the same 
method as chlorin® and octamethylchlorin! except that stronger acid (2:1) was used to 
decompose the magnesium complex and the solid residues were not extracted. A number of 
experiments were carried out in order to determine the optimum conditions for formation of 
octaethylchlorin from both the Mannich bases (VIII; R = NMe, and NC,H,,); they are 
summarised in the Table below. The yields of chlorin were calculated from spectroscopic 
measurements. Xylene was used as solvent throughout. Ethylmagnesium bromide was added 
to the base in the cold. 


Time of reaction (hr.) Yield of chlorin (%) 
Expt. Room temp. 140° Room temp. 140° Remarks 
A. From (VIII; R = NMe,). 
1 _- 4-5 —_ 2-3 
2 -- 4 — Trace 
3 ~- 4 -- o 40% crystalline porphin 
4 o— 5 ~ae » 
5 —_ 8 — 13-0 Some orange fluorescence 
6 es 16 a 16 we : 
- ms 16 = 2.0) s~~30% crystalline porphin 
8 16 + 1-5 4-7 
9 17 4 —_ 8-6 
10 17 4 = 1-2 
B. From (VIII; R = NC;H,,). 
1 — 2 _— 0-5 From crude base 
— 16 — 1-0 
2 13 2 2-9 11-3 
-- 4 _- 20-6 
_ 6 —_ 18-6 
—- 8 —- 16-5 
-- 19 16:1 
3 16 4 - 6-7 
4 17 4 _ 14-1 
5 17 4 — 8-0 
6 31 4 3-4 3-1 
7 31 4 2-9 2-6 From crude base 
8 40 4 - 3-6 
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The following precautions are desirable : All operations should be carried out under nitrogen, 
the magnesium pigments should be decomposed immediately, and the pigment solutions should 
be examined spectroscopically and chromatographed as soon as possible. 

The yields of porphin were difficult to estimate spectroscopically as background absorption 
tended to give high results. Thus in one experiment the calculated yields were 43% and 76% 
from the 622 and 569 my bands respectively, whereas 25% of crystalline porphin were in fact 
isolated. However, the yields of porphin appear to be of the order of 30—40%. 

The crude pigments were purified by chromatography on alumina (grade 1) with benzene 
as eluant. Chlorin was first eluted as a green band, followed immediately by the porphin. 
Alternatively, heavy magnesium oxide could be used for the purification procedure (see below). 
It effected better separations than alumina. 

Pure octaethyichlorin crystallised from benzene-methanol or light petroleum—methanol 
in deep blue needles, m. p. 232° (Found: C, 80-6; H, 9-2; N, 10-4. C,,H,,N, requires C, 80-5; 
H, 9-0; N, 10-4%). It is very soluble in all organic solvents except alcohol, forming green 
solutions with a strong red fluorescence. It has a high acid number. Thus, when its benzene 
solution is treated with concentrated hydrochloric acid, the blue hydrochloride remains in the 
benzene layer and does not pass into the aqueous phase. 

Octaethylporphin crystallises from benzene in deep red crystals, m. p. 318° (lit.,» 15 m. p. 
292—299°; 318°; 322°) (Found: C, 81-1; H, 8-4. Calc. for C,,H,.N,: C, 80-85; H, 8-7%). 

Copper octaethylchlorin. Octaethylchlorin (15 mg.) in boiling benzene (30 ml.) was treated 
with a solution of cupric acetate (11 mg.) in boiling methanol (5 ml.) in an inert atmosphere and 
heated for 2 min.; the solution was cooled, and washed with dilute ammonia solution and 
water. Removal of the solvent under reduced pressure and crystallisation from light petroleum 
(b. p. 60—80°) afforded blue needles of copper octaethylchlorin (17-3 mg., 90%) (Found : C, 72-3; 
H, 7-8; Cu, 10-5. C3,H,,N,Cu requires C, 72-3; H, 7-7; Cu, 10-6%). Chromatography of a 
small portion on heavy magnesium oxide with light petroleum (b. p. 60—80°)—benzene (9: 1) 
as eluant revealed the absence of copper octaethylporphin. 

Dehydrogenation of Octaethylchlovin.—(a) Octaethylchlorin (5-9 mg.) in dry benzene (40 ml.) 
was treated with a solution of 2 : 3-dichloro-5 : 6-dicyano-1 : 4-benzoquinone (3-04 mg., 1-2 mol.) 
in benzene (10 ml.) at room temperature. The solution became red almost instantaneously 
and showed the characteristic porphin spectrum. It was chromatographed on alumina as 
before, concentrated, and crystallised (yield, 3-9 mg., 64-4%, of spectroscopically pure octa- 
ethylporphin, m. p. 312°, mixed m. p. with authentic specimen, 317°). 

(b) A solution of octaethylchlorin (4 x 10-5 mole) in o-dichlorobenzene was treated with 
dichlorodicyanoquinone at room temperature for 1 hr. and the solution was examined spectro- 
scopically. The results are summarised below. (This experiment was carried out by Miss 
E. Stephen.) 

Porphin formed (%) 





Quinone Unchanged = a, 
(mol.) chlorin (%) (500 mz) (535 my) (570 mz) 
0-525 50 — 54 51-5 
0-525 56 — 55 54 
1-05 4 103 102 108 
1-05 3 103 104 106 


Reduction of Octaethylporphin (X).—The porphin (100 mg.) was extracted from a thimble 
into boiling acetic acid containing excess of anhydrous ferric chloride and sodium acetate. The 
solution was kept overnight at room temperature, then filtered, and the insoluble ferric complex 
washed with water and alcohol. It was dissolved in boiling isopentyl alcohol (15 ml.) in a 
current of oxygen-free nitrogen, and sodium (~1-5 g.) was added to the hot solution. The 
mixture was boiled for 40 min., then ethanol (10 ml.) was added to react with the excess of 
sodium, followed by concentrated hydrochloric acid (8 ml.). The cooled solution was treated 
with benzene, basified with ammonia solution, and washed with water. After removal of the 
solvent under reduced pressure the residue was dissolved in light petroleum (b. p. 60—80°) and 
chromatographed on magnesium oxide. Elution with the above solvent removed a red pigment 
whilst the chlorin (32 mg.) was eluted with light petroleum—benzene (1:1). After crystallisation 
from light petroleum—methanol pure octaethylchlorin of m. p. and mixed m. p. 232° was 
obtained which was spectroscopically identical with the synthetic material. 


13 Fischer and Stangler, Annalen, 1928, 462, 259. 
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143. The Interaction of Aldehydes with Boron Trichloride. 
By M. J. FRAzER, W. GERRARD, and M. F. LApPPERT. 

Eleven aldehydes have been treated with boron trichloride. All except 
tribromoacetaldehyde reacted with vigour, even at —80°. Tri- and di- 
chloroacetaldehyde gave their respective tris-l-chloroalkyl borates, 
(R-CHCI-O),B, whereas monochloroacetaldehyde, acetaldehyde, and - and 
iso-butyraldehydeeach gave the appropriate «-chloro-ether (R°CHCl),O. Benz- 
aldehyde gave a 3: 2 and crotonaldehyde a 1:1 compound. Pyrolysis of 
these compounds gave benzylidene dichloride and 1 : 3-dichlorobut-l-ene, 
respectively. Phenylacetaldehyde afforded hydrogen chloride and a resinous 
product, probably a poly(vinyl ether). There was evidence for the formation 
of borate from $-phenylpropionaldehyde and for the formation of the borate 
together with the ether in the monochloroacetaldehyde system. Probable 
reaction sequences and mechanisms are discussed. 


THE interactions of aldehydes with halides of non-metals and with organic acid halides are 
well known. In general three types of reaction have been established, but which aldehydes 
favour these particular reactions and whether the nature of the products depends on the 
halide or on the aldehyde are net known. The first type of reaction is the formation of 
the gem.-dichloride, e.g. the inter-reaction between silicon tetrachloride and benzaldehyde 
gives benzylidene dichloride.1 The second type affords an organic derivative of a non- 
metal, e.g., the formation of the compound Ph°CHCI-P(:O)Cl, from benzaldehyde and 
phosphorus trichloride.2_ Likewise the compound Ph-CHCI-O-SiCl, has been suggested as 
precursor in the silicon tetrachloride—benzaldehyde reaction, mentioned above.1 The 
third reaction leads to formation of «-chloro-ethers, R-CHCl-O-CHCI’R’ (for discussion, 
see ref. 3). 

The present paper is concerned with the interaction of aldehydes with boron trichloride. 
Eleven aldehydes, having widely different steric and electronic features, were studied ; 
with the exception of tribromoacetaldehyde, which was unreactive even at 20°, all reacted 
vigorously even at —80°. In the initial experiments, the reactants were mixed in 
equimolecular proportions, in the presence of an inert solvent if the reaction was 
uncontrollably violent in its absence, whereafter matter volatile at 20°/15—20 mm. was 
removed. The weight of the residue was indicative of the molar proportion in which the 
aldehyde and trichloride had combined, 1 : 1 for crotonaldehyde, 3: 2 for benzaldehyde, 
1:0 for bromal (i.e. no reaction), and 3:1 for acetaldehyde, n-butyraldehyde, :sobutyr- 
aldehyde, mono-, di-, and tri-chloroacetaldehyde, phenylacetaldehyde, and §-phenyl- 
propionaldehyde. 

The residue was identified and the stoicheiometry of each reaction established. Five 
primary reactions were observed : 


6R-CHO + 2BCI, —— 3(R°CHCI),O + B,O, Od ee Oe eee 
3R-CHO + BCI, ——» (R°CHCI-‘O),B . . . . . -. . «+ « « (2) 
3R-CHO + 2BCI, —— (R-CHO),,(BCI,), te ob fk ve ce fee 
R-CHO + BCI, —— R-CHO,BC], . . . can” kate a 
6R-CHO + 2BCl, ——> -l, ——> 8,0, + + resinous $s product G Hcl) ae ah 


. Zappel, J. Amer. Chem. Soc., 1955, 77, 4228. 
* Kabachnik and Shepelera, Izvest. Ahad. Nauk, S.S.S.R., Otdel khim. Nauk, 1950, 39. 
% Summers, Chem. Rev., 1955, 55, 301. 
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With the exception of monochloroacetaldehyde each aldehyde reacted with stoicheio- 
metric specificity and a mixture of two or more reactions was not observed. 

The 3:2 benzaldehyde-trichloride product afforded on pyrolysis (see scheme 6) an 
almost quantitative yield of benzylidene dichloride and boron trioxide; the hydrolysis 
products are shown in scheme 7. With pyridine, no pyridine—boron trichloride was 


isolated. 
(Ph:CHO),,(BCI,), — 3Ph-CHCI,+B,O, . . ae oc: 


(Ph-CHO),,(BCI,), + 6H,O —— 3Ph-CHO + 6HCI + 28(OH), » eh a ee 


The 1 : 1-crotonaldehyde-trichloride compound (scheme 4) afforded on pyrolysis (see 
scheme 8) a high yield of 1 : 3-dichlorobut-l-ene. This chloride could not be distinguished 
from its anionotropic isomer (see scheme 9), because of their known tendency to isomerise 
when heated.‘ 


3CH,*CH:CH-CH-O-BCl, — 3CH,-CHCI-CH:CHCI + B,O,+BCl, . . . (8) 
CH,-CHCI-CH:CHCI === CH,-CH:CH-CHCIL, . . . 2... . (9) 


Hydrolysis gave a product, probably 6- -chlorobuty taldehyde, which was not identified 
because it polymerised; such polymerisation is a known reaction of §-chloro- 
butyraldehyde.® Only two-thirds of the total chlorine of the 1 : 1-crotonaldehy: de-boron 
trichloride compound was instantly hydrolysed to hydrochloric acid by cold water, 
characteristic of chlorine attached to boron, whereas the remaining one-third was 
hydrolysed, still under mild conditions (cold aqueous-ethanolic potassium hydroxide ; 
12 hr.), typical of chlorine in $-chloro-aldehydes. 

The tri-l-chloroalkyl borates (scheme 2), isolated from the reaction with di- and tri- 
chloroacetaldehyde, are novel and are of interest as esters of the unknown «-chloro-alcohols, 
RCHCI-OH. They are thermally stable, and were characterised since only the a-chlorine 
was easily hydrolysable. There was also evidence (molecular weight) for such a borate in 
the 8-phenylpropionaldehyde system. 

The symmetrical «-chloro-ethers (scheme 1) have easily hydrolysable «-chlorine atoms. 
In the monochloroacetaldehyde system there was evidence for the concurrent formation of 
the tris-1-chloroalky] borate, as the initial product, which on pyrolysis afforded more boron 
trioxide and the bis-«-chloro-ether. This method of obtaining «-chloro-ethers has 
advantages over previous methods, particularly because of the mild conditions of the 
reaction. 


Aldehyde Primary product Pyrolysis product 
Acetaldehyde Bis-1-chloroethyl ether — 
n-Butyraldehyde Bis-1-chlorobutyl ether — 
isoButyraldehyde Bis-1-chloro-2-methylpropyl ether — 
Monochloroacetaldehyde _Bis-1: 2-dichloroethyl ether (+ tris-1 : 2-di- Bis-1 : 2-dichloroethyl 

chloroethyl borate) ether 
Dichloroacetaldehyde Tris-1 : 2: 2-trichloroethyl borate —- 
Trichloroacetaldehyde Tris-1 : 2: 2: 2-tetrachloroethyl borate — 
Tribromoacetaldehyde No reaction = 
Phenylacetaldehyde Resin — 
B-Phenylpropionaldehyde Tris-l-chloro-3-phenylpropyl borate Unidentified 
Benzaldehyde 3 : 2-compound Benzylidene dichloride 
Crotonaldehyde 1 : 1-compound 1 : 3-Dichlorobut-l-ene 


Reaction (5) was observed in the phenylacetaldehyde system. The resinous product 
was probably a poly(vinyl ether), formed by elimination of hydrogen chloride from the 
initial bis-l-chlorophenethyl ether obtained by reaction (1). This view is based on the 
known propensity * of a-chloro-ethers to lose hydrogen chloride, forming vinylic ethers, 
which are known to polymerise readily. A §$-bound phenyl group would assist the 

* Kirrmann, Compt. rend., 1934, 199, 1228. 


° Paul, ibid., 1942, 215, 303. 
® Pepper, Quart. Rev., 1954, 8, 88. 
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hydrogen chloride elimination from the ether, because of conjugation with the developing 
olefinic double bond.’ 

Reactions (1) and (2) were also established when 3:1 molar proportions of reactants 
were employed in the acetaldehyde and chloral systems, respectively. 

The results of equimolecular interaction are summarised in the Table. 

Reaction Sequences and Mechanism.—It is suggested that the initial attack of boron 
trichloride on an aldehyde is either by means of a nucleophilic attack of chlorine on the 
a-carbon, followed by attachment of [BCl,]*+ to the oxygen atom, or by means of a four- 
centre broadside collision as shown in scheme (10), to afford a 1-chloroalkyl dichloro- 
boronite : 


1 i 
| 
R—C=—=9O > Rha (10) 
a > | | 
me.” ci BCI, 
Ci-—— BCI, 


An alternative mechanism requires an initial electrophilic attack to give a co-ordination 
compound R-CHO‘BCl,. Against this is the fact that bromal does not react with boron 
trichloride. Molecular models indicate that steric hindrance (F-strain) would prevent 
nucleophilic or broadside attack, but not electrophilic attack, of the carbonyl double bond 
in this aldehyde. ; 

A 1:1 compound was isolated only from crotonaldehyde. The evidence (see above) 
favours the formulation of this compound as a dichloroboronite and not as a co-ordination 
compound. In accordance with known reactions of crotonaldehyde, this may be regarded 
as (I), the product of 1 : 4-addition, or as (II), the product of 1 : 2-addition. 


(I) CH,*CHCI-CH:CHO-BCI, CH,°CH:CH-CHCI-O-BCI, (II) 


Alkyl dichloroboronites decompose ® (slowly, or when heated) either to form an alkyl 
chloride (reaction 11) or by disproportionation (12). Reaction (11) is favoured by the 
presence of an electron-releasing group attached to the «-carbon atom (¢.g. a vinyl group). 


3RO-BCl, —»> 3RCI+B,O,+8Cl ........ QI) 
2RO-BCI, —— (RO),BCI+ BCL . . . 2... . (12) 
2(RO),BCIl —— (RO),B + RO-BCI, 


The pyrolysis of the crotonaldehyde derivative is regarded as being of type (11) and this 
may be evidence for formula (II), although the selective hydrolysis seems more plausible 
in terms of formula (I), as «-chlorine atoms are generally readily hydrolysable, e.g. in the 
1-chloroalkyl borates. 

The structure of the 3 : 2-benzaldehyde compound is uncertain but its reactions would 
be explicable in terms of a 1: 1-complex (III) of dichloroboronite and chloroboronate. 


Ph-CHCI-O-BCI,,(Ph*CHCI-O),BCI (III) 


Dialkyl chioroboronates also decompose to alkyl chlorides, and decomposition of the 
complex (III) therefore gives a satisfactory explanation of the pyrolysis products of the 
benzaldehyde complex. 

Of the dichloroboronites corresponding to the aldehydes used, those from benzaldehyde 
and crotonaldehyde (II) have the greatest electron release at the «-carbon atom, and those 
are also the only two which give the appropriate chlorides on pyrolysis. This is in agree- 
ment with predictions as to the stability of dichloroboronites. 

The formation of borates from di- and tri-chloroacetaldehyde is interpreted as being due 
to initial dichloroboronite formation, followed by disproportionation (scheme 12). 

In the monochloroacetaldehyde reaction, the probable formation of borate and ether 


7 Ingold, “‘ Structure and Mechanism in Organic Chemistry,” G. Bell, London, 1953, p. 436. 
§ Gerrard and Lappert, J., 1955, 3084; Gerrard, Lappert, and Silver, J., 1956, 3285. 
® Lappert, /., 1956, 1768. 
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as the initial products, which only on pyrolysis gives exclusively the ether, suggests that 
the borates are precursors in the formation of the ethers (see scheme 13). 


ae 
The probable reaction sequences are summarised in scheme (14). 
R-CHO + BCI, —» R-CHCI-O-BCl, —» RCI + 1/3BCI, + 1/3B,0, 


t - (14) 
1 /2(R*CHCI-O),B-Cl —— | /3(R-CHCI-O),B —— | /6B,O, + 1/2 (R°CHCI),O ——> 
HCI + a vinyl ether —— a poly(vinyl ether) 


It would appear that the decomposition of borate to ether is governed by electronic 
rather than steric factors, because whereas dichoroacetaldehyde gives the borate, 7so- 
butyraldehyde gives the ether, although their borates are homomorphs (the methyl and 
chlorine groups have similar spatial requirements 1°). The decomposition may be regarded 
as of Syi type (scheme 15); metaborates decompose ! to orthoborates and boron trioxide. 


~ 


> C—Q—B-OR 





¥(8*) — > RO + ROBO --- - - (15) 
c—c—o 


H* “ci 





\V/ 


The suggestion is made that a decrease in the electron density on the oxygen atom of the 
borate hinders the ether-forming reaction, which is therefore not observed when groups 
attached to the 8-carbon atom are sufficiently electronegative, as for the borates derived 
from di- and tri-chloroacetaldehyde. 


EXPERIMENTAL 

General Procedures.—Tribromoacetaldehyde was prepared by Lord and Howard’s method; !* 
dichloroacetaldehyde was obtained by dry distillation of the trimer. The other aldehydes were 
purified commercial samples. Boron trichloride was redistilled before use. In the reactions 
of the aldehydes with boron trichloride volatile material (solvent and unchanged trichloride) 
were removed at 20°/15 mm. 

Boron, and chlorine attached to boron, were estimated by cold-water hydrolysis to hydro- 
chloric and boric acid, which were analysed acidimetrically. The «-chlorine in «-chloro-ethers 
(and also allylic chlorine) was estimated by Volhard’s method after hydrolysis with cold 
ethanolic potassium hydroxide. Total chlorine, as distinct from easily-hydrolysable chlorine 
(e.h. Cl) (except vinylic), was determined similarly, except that complete hydrolysis was ensured 
by prolonged refluxing with potassium hydroxide—ethanol. 

The Interaction of Aldehydes (1 mol.) with Boron Trichloride (1 mol.).—Acetaldehyde. This 
(4-34 g.) was slowly added to boron trichloride (11-6 g.) at —80°; a vigorous reaction ensued, 
and a white solid formed. The mixture was allowed to warm to 20°, whereafter volatile matter 
was removed. The residue (8-27 g.) was a colourless liquid mixed with white solid, which 
afforded bis-1-chloroethyl ether (6-04 g., 86%), b. p. 111—114°, and a residue (2-11 g.) which 
contained boron trioxide (1-13 g., 98%). The ether on redistillation had b. p. 113—114°, n? 
1-4232, d7® 1-132 (Found: Cl, 49-4. Calc. for C,H,OCI,: Cl, 49-7%). Yields are based on 
(scheme 1). 

n-Butyraldehyde. This (2-76 g.) in n-pentane (10 c.c.) was added to boron trichloride 
(4-50 g.) in m-pentane (10 c.c.) at —80°. A vigorous reaction ensued, and the reaction mixture 
was kept at 20° for $ hr. Volatile matter [including BCI, (2-96 g., 97°%)] was then removed. 
On distillation, solid separated in the still as the temperature was raised. The distillate was 
bis-1-chlorobutyl ether (3-13 g., 83%), b. p. 75—78°/16 mm., and the dark residue (0-67 g.) 
contained boron trioxide (0-432 g., 97%). The ether on redistillation had b. p. 90°/24 mm., 
n® 1-4406, d? 1-033 (Found: C, 48-8; H, 8-2; Cl, 35-6. C,H,,OCI, requires C, 48-3; H, 8-1; 
Ci, 35-7%). In another experiment ferric chloride (10% by weight of the aldehyde) was 

10H. C. Brown and his co-workers, J. Amer. Chem. Soc., 1953, 75, 1. 

11 Lappert, Chem. Rev., 1956, 56, 959. 

#2? Lord and Howard, Org. Synth., Coll. Vol. II, New York, 1947, p. 87. 
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incorporated in the reaction mixture. The ether was obtained in only 20% yield and there was a 
resin in the still; hydrogen chloride was liberated. Yields are based on scheme (1). 
isoButyraldehyde. To boron trichloride (4-50 g.) in m-pentane (10 c.c.) at — 80°, was added the 
aldehyde (2-76 g.) in m-pentane (10 c.c.). The mixture was stored at 20° for } hr., whereafter 
volatile matter [including boron trichloride (2-96 g. 99%)] was removed. The residue (4-30 g.) 
comprised a white solid and a supernatant liquid. Matter volatile at 20°/0-01 mm. was 
condensed into a trap at —80°. This condensate was bis-1-chloro-2-methylpropyl ether (2-88 g., 
75%), b. p. 72°/13 mm., n? 1-4392, d?° 1-045 (Found: C, 48-1; H, 8-05; Cl, 35-6%). The 
residue (1-28 g.) contained boron trioxide (0-441 g., 99%). Yields are based on scheme (1). 

Monochloroacetaldehyde. The aldehyde (6-88 g.) in suspension in u-pentane (15 c.c.) was 
added to boron trichloride (10-30 g.) in pentane (30 c.c.) at —80°. The mixture was kept at 
20° for } hr., whereafter volatile matter, including boron trichloride (6-83 g., 99%), was removed 
at 20°/20 mm. A white, pasty solid remained; this was washed with ether to afford a clear 
solution and boron trioxide (0-444 g., 43-5%). Evaporation of solvent left a viscous, pale 
yellow liquid, which was heated at 120° for $ hr. under reflux. Hydrogen chloride was evolved, 
but no precipitate resulted. Cooling and addition of ether precipitated more boron trioxide 
(0-573 g., 56-2%). The ethereal filtrate afforded bis-1 : 2-dichloroethyl ether (5-75 g., 62%), b. p. 
62—64°/0-1 mm., leaving a brown residue (2-53 g.). The ether on redistillation had b. p. 
62°/0-1 mm., n? 1-4918, d?? 1-457 (Found : C, 23-1; H, 3-0; Cl, 66-5; e.h. Cl, 33-0. C,H,OCI, 
requires C, 22-6; H, 2-85; Cl, 67-0; e.h. Cl, 33-5%). Yields are based on scheme (1). 

Dichloroacetaldehyde. Boron trichloride (6-50 g.) at —80° was added to the aldehyde 
(6-25 g.) also at —80°; a vigorous reaction produced a viscous liquid. Volatile matter [boron 
trichloride (4-30 g., 99%)] was removed, and subsequent distillation afforded ¢ris-1 : 2: 2-tri- 
chloroethyl borate (7-19 g., 85%), as a viscous liquid, b. p. 116—118°/11 mm., n? 1-5052, d?° 
1-647 (Found: C, 16-3; H, 1-45; Cl, 69-7; e.h. Cl, 22-8; B, 2-34. C,H,O,Cl,B requires C, 
15-8; H, 1-3; Cl, 70-0; e.h. Cl, 23-3; B, 2.37%) and a brown solid (1-03 g.)._ The yield is based 
on scheme (2). The borate was instantly hydrolysed on exposure to the atmosphere. Heating 
at 200° for 1 hr. caused no significant decomposition. 

Trichloroacetaldehyde. Boron trichloride (5-60 g.) was added to the aldehyde (7-03 g.) at 
— 80°, whereupon a viscous solution was obtained. Volatile matter [boron trichloride (3-70 g., 
99%)] was removed (20°/15 mm.) and subsequent distillation afforded ¢tris-1 : 2: 2: 2-tetra- 
chloroethyl borate (8-00 g., 90%) as a viscous liquid, b. p. 98—105°/0-5 mm., n? 1-5090, d?? 1-702 
(Found: C, 12-4; H, 0-9; Cl, 75-8; eh. Cl, 20-0; B, 2-0. C,H,0,Cl,,.B requires C, 12-8; H, 
0-5; Cl, 76-1; e.h. Cl, 19-0; B, 19%). There was a brown residue (0-89 g.). The yield is 
based on scheme (2). The borate was instantly hydrolysed on exposure to the atmosphere, 
but was recovered almost quantitatively after 3 hr. at 200°. There was no reaction with 
triethylamine. 

Tribromoacetaldehyde. Boron trichloride (2-67 g.) was added to the aldehyde (6-39 g.) at 
—80°. After 4 hr. at 20°, volatile matter [boron trichloride (2-46 g., 92%)] was removed, and 
the aldehyde (5-34 g., 84%), b. p. 62—66°/12 mm., n¥? 1-5890, d? 2-729 (Found: Br, 84-8. 
Calc. for C,HOBr, : Br, 85-4%), and a dark liquid (1-04 g.) were obtained. 

Phenylacetaldehyde. Boron trichloride (9-30 g.) was added to phenylacetaldehyde (9-50 g.) 
at —80°. Volatile matter [boron trichloride (6-20 g., 100%)] was rapidly removed, and the 
residue then set aside at 20° for 12 hr.; hydrogen chloride was continuously evolved. A 
solution of the gum in chloroform (50 c.c.) was refluxed (2 hr.) until evolution of hydrogen 
chloride had ceased. The solvent was removed (at 0-1 mm.) and a reddish-brown oil remained, 
which upon extraction with water-ether afforded an ethereal solution and an aqueous portion 
which contained boric acid equivalent to boron trioxide (0-799 g., 87%). The ethereal solution 
was dried (MgSO,) and freed from solvent affording a reddish-brown resin (7-84 g.). Yields are 
based on scheme (5). 

8-Phenylpropionaldehyde. Boron trichloride (3-91 g.) was added to the aldehyde (4-46 g.) 
at —80°. The volatile matter contained boron trichloride (2-58 g., 99%). The brown viscous 
residue was probably tris-1-chloro-3-phenylpropyl borate (5-79 g.) (Found: Cl, 20-8; B, 2-15; 
M, 500. Calc. for C,,H,,0,Cl],B: Cl, 20-5; B, 2-1%; M, 519-5). The molecular weight was 
determined cryoscopically (in cyclohexane) in an atmosphere of nitrogen, agitation being 
effected by a nitrogen pulse in order to avoid hydrolysis. The yield is based on scheme (1). 
Attempted distillation led to decomposition products which have not been identified. 

Benzaldehyde. Boron trichloride (6-20 g.) in n-pentane (20 c.c.) at —80° was added to the 
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aldehyde (5-60 g.) also in m-pentane (20 c.c.), at —80°. Volatile matter was removed 
(20°/0-5 mm.) leaving a 3 : 2-benzaldehyde—boron trichloride compound (9-91 g. Calc., 9-76 g.) 
(Found : Cl, 38-0; B, 4-5. 3C,H,O,2BCl, requires Cl, 38-5; B, 3-9%) as awhite solid. All the 
chlorine in the compound was converted into hydrogen chloride by hydrolysis with cold water. 
The compound was insoluble in n-pentane and ether, but soluble in methylene dichloride. The 
yield is based on scheme (3). 

Crotonaldehyde. This (5-06 g.) in m-pentane (25 c.c.) was added to boron trichloride (8-50 g.) 
in pentane (25 c.c.) at — 80°, whereupon a white solid was precipitated. After the mixture had 
remained at 20° for 3 hr. volatile matter was removed. The residue (12-69 g., 94%; based on 
equimolecular interaction) was a white solid. 

In several similar experiments the original precipitate was filtered off. Its weight varied, 
but on the average, was equivalent to about 50% of that required for a 1: 1-compound. The 
analysis, which was also somewhat variable (Found: Cl, 54-3—60-4; e.h. Cl, 38-1—41-6; B, 
5-6—6-2. Calc. for C,H,O,BCl,: C, 56-8; e.h. Cl, 37-9; B, 5-8%), identified it as 1-chloro-3- 
methylallyl dichloroboronite or its anionotropic isomer. 

Interaction of Aldehydes (3 mol.) and Boron Trichloride (1 mol.).—Acetaldehyde. This (3-15 g.) 
was cautiously added to the trichloride (2-80 g.) at —80°. At 20° there was some white solid ; 
at 50° there was no loss of weight but the mixture had become brown and gelatinous. Distil- 
lation afforded bis-1-chloroethyl ether (4-50 g., 88%), and a residue (1-00 g.) which contained 
boron trioxide (0-815 g., 98%). The ether had b. p. 112—114°, n® 1-4230, d®° 1-132 (Found : 
Cl, 49-2%), after redistillation. The yield is based on scheme (1). 

Chiloral. This (24-90 g.) was added to boron trichloride (6-60 g.) at —80°. Distillation 
afforded tris-1 : 2: 2: 2-tetrachloroethyl borate (24-3 g., 77%), b. p. 155—160°/0-5 mm., a 
brown residue (0-40 g.), and a condensate (at — 80°) of chloral (2-30 g.). Redistillation afforded 
the pure borate (21-7 g.), b. p. 100°/0-05 mm., m? 1-5020, dj? 1-702 (Found: e.h. Cl, 20-5; Cl, 
75-8; B, 3-35%). The yield is based on scheme (2). 

Properties of the Benzaldehyde—Boron Trichloride Compound.—Pyrolysis. When the 3: 2- 
compound (see above) (3-60 g.) was heated benzylidene dichloride (3-12 g., 99%; based on 
3Ph°CHO,2BCl, —» 3Ph-CHCl, + B,O;), b. p. 88—90°/17 mm., nf 1-5488, d?° 1-246 (Found : 
Cl, 43-1. Calc. for C;H,Cl, : Cl, 44-0%) was obtained, and boron trioxide (0-455 g., 100%) 
remained. The yields are based on scheme (6). 

Addition of benzaldehyde (8-25 g., 3 mol.) to boron trichloride (6-10 g., 2 mol.) at —80° 
afforded a white solid, which when heated in a vacuum gave benzylidene dichloride (12-30 g., 
98%), b. p. 87°/12 mm., n® 1-5488 (after redistillation). 

Hydrolysis. Water (10 c.c.) and -pentane (10 c.c.) were added to the compound (3-15 g.). 
The washed and dried m-pentane extract afforded benzaldehyde (1-68 g., 93%), b. p. 172—180°, 
n® 1-5464. The yield is based on scheme (7). 

Action of pyridine. To the compound (7-38 g., 1 mol.) in methylene dichloride (60 c.c.) was 
added pyridine (2-11 g., 2 mol.) in the same solvent (20 c.c.) at 20°. There was considerable 
evolution of heat, and the mixture remained homogeneous. The solvent was removed in a 
vacuum and a viscous oil remained. Addition of water to a mixture of the residue with 
n-pentane gave two liquid phases. The upper (pentane) layer contained benzaldehyde (3-63 g.), 
b. p. 176—180°. 

Properties of the Crotonaldehyde—Boron Trichloride Compound.—Pyrolysis. When the 1: 1- 
compound (see above) (2-51 g.) was heated there was obtained 1 : 3-dichlorobut-l-ene (1-31 g., 
79% ; based on 3C,H,O,BCl, —» 3CH,°CHCI*CH:CHC1 + BCI, + B,O,), b. p. 58—60°/25 mm., 
n® 1-4647, dj 1-12 (Found: e.h. Cl (cold potassium hydroxide in ethanol), 28-0. Calc. for 
C,H,Cl,: e.h. Cl (allylic), 28-4%]. The maximum value for “ total’’ chlorine obtained was 
35-5%, after 92 hours’ refluxing in strong ethanolic potassium hydroxide A carbonaceous residue 
(0-45 g.) contained boron trioxide (0-31 g., 99%). Yields are based on scheme (8). 

Hydrolysis. The compound (7-21 g.) was shaken with a mixture of water and ether. The 
ether layer was dried (MgSO,), and the solvent was removed at 20 mm. The residue (1-82 g.) 
was volatile at 0-1 mm. and may have been §-chlorobutyraldehyde (Found: Cl, 32-3. Calc. 
for C,H,OC1: Cl, 33-3%). It slowly decomposed to a tar. 
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144. The Action of Light on Normal and isoDiazoates. 
By R. J. W. Le Févre and J. B. Sousa. 


The ultraviolet spectra, in aqueous alkaline solution, of the normal and 
isodiazoates from aniline, p-chloroaniline, p-bromoaniline, and sulphanilic 
acid differ notably in that each of the iso-forms exhibits an absorption 
maximum between 270 and 280 my with log « = ca. 4-1, while in the same 
wavelength region, the normal salts all show a very broad inflexion, the centre 
of which has log e ca. 3. These facts are reconcilable with observations made 
previously on various substances containing the -N=N- group. 

Irradiation of the isodiazoates from aniline, p-chloroaniline, and sulph- 
anilic acid causes, on spectral evidence, formation of the normal isomers, 
accompanied by irreversible decomposition. Despite the last effect, signs 
of reversal on storage in the dark are detectable. The actions of light on 
the single diazoates from o-, m-, and p-nitroanilines are discussed : illumin- 
ation does not change their absorption patterns in directions expected by 
analogy if normal isomers were being generated. 

Finally, the ability of many isodiazoates to couple with 2-naphthol is 
emphasised because past literature is often confusing and contradictory on 
the point. 


IRRADIATION as a means of effecting trans- to cis-isomerisations has been extensively 
employed in the study of compounds containing the N=N system.+® Le Févre and his 
collaborators have examined in this way a wide range of azo- and diazo-compounds, using 
both dielectric and spectroscopic methods to identify or follow the changes. In several 
cases evidence of the production of cis-forms has been obtained, and with 2 : 2’-azopyridine 
the indications * have been verified by subsequent isolation of two geometrical isomers. 

Only cursory attention has so far been given to the photoisomerisability of diazoates. 
In 1907 Orton, Coates, and Burdett * reported that the normal diazoates are little influenced 
by light, but Oddo and Indovina’ have more recently claimed that the same agency 
converts isodiazoates into the normal salts; these topics are the subject of the present 
paper. Saunders mentions printing processes which almost certainly involve the latter 
change.® 

Irradiation superimposes on any existing thermal equilibrium a photochemical one. 
Half-lives of many cis-species are known; they vary from 3-3 minutes for ~-hydroxyazo- 
benzene to more than 100 hours for azobenzene itself,? for which, at ordinary temperatures, 
the thermal equilibrium mixture contains virtually all trans-isomer, though the thermal 
reaction is slow compared with the photochemical one. Thus Hartley reported? that 
“solutions of the concentration convenient for analysis (ca. 3—8 x 10* mole/I.) have, 
for a given (total) concentration, photometer readings independent of the initial isomeric 


1 Le Févre and Vine, J., 1938, 431; Cook, ibid., p. 876; Hartley and Le Févre, J., 1939, 531; 
Cook and Jones, ibid., p. 1309; Stephenson and Waters, ibid., p. 1796; Mechel and Stauffer, Helv. Chim. 
Acta, 1941, 24, 151; Le Févre et al., Chem. and Ind., 1948, 158, 543, 732; Le Févre and Wilson, /., 
1949, 1106; Le Févre and Souter, ibid., p. 1595; Hausser, Naturwiss., 1949, 36, 313, 314, 315; idem, 
Z. Naturforschung, 1950, 5a, 41, 56; Le Févre and Brown, J., 1950, 185; Le Févre and Freeman, J., 
1950, 3128; 1951, 415; 1952, 2932; Hausser, Jerchel, and Kuhn, Chem. Ber., 1951, 84, 651; Le Févre, 
Freeman, and Wilson, J., 1951, 1977; Le Févre and Liddicot, ibid., p. 2743; Le Févre, Freeman, 
Northcott, and Youhotsky, J., 1952, 3381; Le Févre, Freeman, Northcott, and Worth, ibid., p. 3384; 
Brode, Gould, and Wyman, J. Amer. Chem. Soc., 1952, 74, 4641; Fischer, Frankel, and Wolovsky, 
J. Chem. Phys., 1955, 23, 1367; J., 1955, 3441. 

2 Hartley, J., 1938, 633. 

3 Le Févre and Northcott, J., 1949, 333; 1952, 4082; 1953, 867. 

4 Le Févre and Worth, J., 1951, 1814. 

5 Campbell, Henderson, and Taylor, J., 1953, 1281. 

6 Orton, Coates, and Burdett, J., 1907, 91, 35. 

7 Oddo and Indovina, Gazzetta, 1935, 65, 1099. 

8 Saunders, ‘‘ The Aromatic Diazo-Compounds and their Technical Applications,” 2nd Edn., 
Arnold, London, 1949, p. 136. 
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composition, if they have been exposed to bright daylight (not necessarily sunlight) for 
a few minutes.” While the thermal will scarcely affect the photochemical equilibrium 
in a case such as azobenzene, this will obviously not be so when the rate of the thermal 
reaction approaches that of the photochemical. 

The foregoing provides a convenient classification of our results. In one group we have 
the normal and isodiazoates from aniline, p-chloroaniline, and sulphanilic acid, and in 
the other those from o-, m-, and #-nitroanilines. Rapid spectral recording, which was 
essential for compounds of the second group, was made possible by the use of the Cary 
recording ultraviolet spectrophotometer of the N.S.W. University of Technology (we 
thank Mr. R. L. Werner for access and assistance). 


EXPERIMENTAL 

Normal Diazoates.—A 15% solution of the diazonium chloride (10 c.c.) was dropped with 
stirring into potassium hydroxide (150 g.) in water (60 g.) at —5°. The temperature was then 
allowed to rise to 0° and the mixture centrifuged in pre-cooled tubes. The undissolved inorganic 
material sank and the organic salt formed a layer on top of the concentrated alkaline solution. 
This was then skimmed off the surface, dried rapidly on a tile, dissolved in absolute alcohol 
at —5°, and precipitated with anhydrous ether. This method proved more convenient and 
yielded a purer product than Bamberger’s,® which required the temperature of the mixture to 
rise to 15—20° in order to dissolve the hydroxide (in our hands this never dissolved completely 
and the crude product always contained alkali, which was not easy to eliminate). The 
preparation of -sulphobenzene-n-diazoate di-sodium salt has already been described by 
us,2° 

isoDiazoates from Aniline, p-Chloroaniline, and Sulphanilic Acid—These, prepared by 
Schraube and Schmidt’s method,!! were obtained crystalline by dissolving them in alcohol at 
40—50°, filtering, and precipitating with ether. 

Sodium p-Nitrobenzenediazoate——A 10% solution of p-nitrobenzenediazonium chloride, 
prepared from p-nitroaniline (5-4 g.), was poured rapidly into 18% aqueous sodium hydroxide 
(160 c.c.) at 50—60° with vigorous stirring. The golden-yellow plates of the sodium salt which 
separated on cooling were recrystallised from alcohol and dried in vacuo. 

Sodium o-Nitrobenzenediazoate—A 15% solution of o-nitrobenzenediazonium chloride, 
prepared from o-nitroaniline (3 g.), was poured gradually into 66% aqueous sodium hydroxide 
(25 c.c.) at 0°. The crude product, reprecipitated from alcohol in crystalline form by ether, 
was dried in vacuo. 

Sodium m-Nitrobenzenediazoate—A 15% solution of m-nitrobenzenediazonium chloride, 
from m-nitroaniline (5 g.), was dropped with stirring into a mixture of sodium hydroxide (90 g.) 
and water (50 c.c.) at —5°. The temperature was allowed to rise to 5° and the crude product 
collected, shaken with 95% alcohol at 0°, filtered, and washed with ice-cold alcohol and ether. 
It was dried in vacuo. 

Spectra.—Unless otherwise stated, these were observed on 10-m-solutions in 0-15N-sodium 
hydroxide. The solutes were dissolved immediately (<5 min.) before use. No changes in the 
spectra were observed by making a re-run, after which the solutions were found still to couple 
with 2-naphthol. 

The Beer—Lambert law was checked on the Cary instrument for the normal diazoates, and 
for the more stable isodiazoates with a Beckman spectrophotometer. The solutions used for 
the photochemical experiments were of the same concentration as those used for the spectro- 
scopic examination 

Irradiation.—Solutions were irradiated in a 10 c.c. quartz cell for the times stated. Three 
sources of light were used: (a) sunlight, (b) a General Electric A.H.3 mercury-vapour lamp, and 
(c) the hydrogen lamp source of the Cary instrument. 


RESULTS AND DIScussION 
Spectra of Normal and isoDiazoates.—When normal diazoates are dissolved in water 
the extent of hydrolysis depends on the dilution, as indicated by Hantzsch’s conductivity 


* Bamberger, Ber., 1894, 27, 679; 1896, 29, 446. 
10 Le Févre and Sousa, J., 1955, 3154. 
11 Schraube and Schmidt, Ber., 1894, 27, 514. 
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measurements.” It is generally considered that the hydrolysis produces the diazonium 
ion (revealed by the rapid coupling of aqueous solutions of normal diazoates with dilute 
alkaline 2-naphthol) : 


Ph-N=N-O + H,O —= Ph-N=N -+ 20H- 
For the disodium salt of #-sulphobenzene-n-diazoate at 10“m, hydrolysis to the 


diazonium ion is virtually complete. This can be observed spectroscopically, the diazoate 
having a spectrum with a maximum of 268 my and an optical density identical with that 


Fic. 2. Plane projections of cis- and 
trans-diazoate anions. 


Fic. 1. Spectra of the disodium salts of p-sulphobenzene 
diazoates in 0-15N-sodium hydroxide solution. 
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of a solution of diazobenzene-f-sulphonic acid of the same concentration. The normal 
diazoate from sulphanilic acid was selected because it is the purest and most stable at 
present available. For similar solutions but of increasing alkalinity the band due to the 
diazonium ion gradually diminishes until in 0-15Nn-sodium hydroxide it ceases to be visible 
above the general absorption, the solute thereafter obeying the Beer-Lambert law at 
higher concentrations. The spectrum at this stage appears as the descending curve shown 
in Fig. 1, A, indicating a maximum in the Schumann region beyond the limits of the 
spectrophotometer. Such a spectrum is characteristic of the normal diazoates from aniline 
and -chloro- and -bromo-anilines and is in general agreement with the earlier measure- 
ments by Hantzsch and Lifschitz,!*5 Dobbie and Tinkler,!* and Cambi and Szego.}® 


12 Hantzsch and Davidson, Ber., 1898, $1, 1612; Hantzsch and Engler, Ber., 1900, 38, 2147; 
Hantzsch, Ber., 1896, 29, 743. 

18 Hantzsch and Lifschitz, Ber., 1912, 45, 3011. 

14 Dobbie and Tinkler, J., 1905, 87, 273. 

18 Cambi and Szego, Ber., 1928, 61, 2087. 
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The isodiazoates corresponding to the above substances each exhibited a single band of 
maximum absorption between 270 and 280 my (e ca. 14,000). max. for the ssodiazoates 
from aniline, ~-chloroaniline, and sulphanilic acid in 0-15n-sodium hydroxide occur at 
273, 277, 279 my respectively. Fig. 1, B, shows the spectrum of the last of these; it is, 
in appearance, typical of the other two. 

Relations between the Spectra of Normal and iso-Forms.—It is important to compare the 
spectra of normal and isodiazoates with those of other cis—trans isomers containing the 
azo-group. Among the simpler azobenzenes,!*17 diazocyanides,1® diazosulphonates,” 
etc., there is usually little displacement of the K-band on passing from the trans- to the 
cis-form, the main characteristic being a diminution of ¢max.. The last effect becomes much 
enhanced, and shifts of Amax, clearly seen, when conjugation in the ¢vans-structure is likely 
to be considerable. A few examples are listed in Table 1. 


TABLE 1. Wavelength and intensity differences for the K-band in isomeric 
azo-compounds. 


Atrans ee Acts (mp) Etrans — Ects Ref. 
O-Cl-CoH ys NN-SOsONA o..ccescescescesseseenes Bie ca. 900 19 
PIII sinsctspennseniacasniinatenintnanee — 4,500 16 
SIE sccconsvcscsnexnrectnniesectnenre + 8 ca. 7,400 18 
IEA ss ccacnaserconcseosnccsnees +1 9,000 16 
STE TR i isconncsarseneasenensees 445 16,600 17 
P-Me,N-CoHyNiN-CoHy oeeccescesesceseeseesens 48 16,300 17 
p-Me,N-CyHyN:NCgHyOH-p oo.eeeeseeeeees +73 19,600 17 
p-Me,N-CyHyNIN“CoHyCoHg-p oeeseeecseceees +51 23,400 17 


Such changes are explicable if, for steric reasons, the molecular planarity requisite for 
resonance cannot be attained in the cis-variety as fully as it can in the trans. Braude 
et al.2° state the basic principles thus : ‘‘ If the steric interference resulting in non-planarity 
is relatively small, then the characteristic transition of the chromophore might be restricted 
to vibrational states in which appropriate bonds are sufficiently extended to allow of a 
large degree of co-planarity. Solution spectra . . . will then show little change in wave- 
length location, but the intensity of absorption will be restricted to a smaller number of 
vibrational states. . . . If, however, steric interference is large and resonance interaction 
takes place despite non-planarity, the energy content of the contributing resonance forms 
will be increased and the energy level of the excited state will therefore be raised relatively 
to that of the ground state; 7.¢., the characteristic band itself will be displaced towards 
shorter wavelengths.” 

The spectra of syn- and anti-diazocyanides 18 and of labile and stable diazosulphonates 
can be accounted for on these lines, since models show the cis-forms to be incapable of 
planarity.’ 


TABLE 2. Intensity differences between iso- and normal diazoates at ca. 280 mu. 


Amax. (ts0) (mp) Eiso — normal 
CI iivccderdsecssinccccsesececccseessscecs 273 * approx. 7,000 
DCE SNM ONE cecccsccccccsvccccccccscccescsese 277 * - 12,000 
B-BaeC aI T IND. cccccsesevonevsvccseccccesescocse 284 * 6 7,000 
p-(SO,-ONa)C Hy N°N-ON2@ __........cecccereneees 279 “ 15,000 


* The curves presented by Cambi and Szego '® indicate maxima for the three salts respectively 
which closely correspond with these data. 


The isomeric diazoates so far studied exhibit two patterns of absorption: the iso- 
compounds all show strong K-bands between 270 and 290 mu while the normal forms 
display a broad shoulder or inflexion, more or less centred below the peak of the iso-salt, which 

1® Cook, Jones, and Polya, J., 1939, 1315. 

17 Brode, Gould, and Wyman, J. Amer. Chem. Soc., 1952, 74, 4641. 

18 Le Févre and Wilson, J., 1949, 1106. 

19 Freeman and Le Févre, J., 1951, 415. 

20 Braude, Jones, Koch, Richardson, Sondheimer, and Toogood J., 1949, 1890. 
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(between 230 and 310 my) never has e <1000. One may reasonably infer that a submerged 
K-band is present although its precise location obviously cannot be fixed. On this basis 
the facts may be represented as in Table 2. 

Although unfortunately figures for Ais0 — Anormai cannot be given, and the estimates of 
fiso — Enormal have to be rough, the data of Tables 1 and 2 permit the view that the ultra- 
violet spectra of diazoates are analogous to those of other —-N:N- containing isomers and 
are affected by structural factors in similar ways. 

The extent of steric hindrance in syn-benzenediazoate and its absence in the anii- 
isomer is revealed in the scale planar projections shown in Fig. 2. Prevention of planarity 
may have greater effects in the diazoates, where there exists an opportunity for direct 
conjugation of a full uncompensated charge with the benzeneazo-system, than in the 
diazocyanides and the diazosulphonates, where such a situation does not normally occur. 
The degrees of contrast between diazoate pairs will therefore depend on the amount of 
conjugation achieved in the syn-isomer, steric hindrance in this form tending to restrict 
Tesonance between the benzene ring and diazo-oxy-group. 

In conclusion, therefore, it is claimed that the details of these spectra are not out of 
harmony with Hantzsch’s allocation of a sy-structure to the normal salts and an anti- 
structure to the tso-salts. 

The Photoisomerisation of Diazoates.—The differences between the ultraviolet spectra 
of normal and isodiazoates made the spectroscopic method convenient for examining 
changes on irradiation. Solutions of the three isodiazoates were illuminated in quartz 
cells in 0-15N- and 0-2N-sodium hydroxide solutions. The maxima due to the isodiazoates 
diminished rapidly and the spectra began to assume the forms characteristic of normal 
diazoates. The development of normal isomers in the irradiated solutions was checked 
by observing increased rapidity of coupling with 2-naphthol solution; quantitative results 
were obtained on 10~“m-solutions of the isodiazoates in the more weakly alkaline of the 
above media. 

The isodiazoates from aniline and #-chloroaniline behaved differently from that from 
sulphanilic acid, in that the latter appeared to come to equilibrium on illumination. Each 
of the first two, if illuminated for two or three minutes by the mercury-vapour or the 
hydrogen lamp showed a diminished absorption maximum. On being kept in the dark a 
very slight increase in the absorption maximum was noticeable, consistent with some 
reconversion into the tsodiazoate. On irradiation for ten minutes complete decomposition 
appeared to take place since no recovery was observed during 2 days in the dark. The 
change appeared to be continuous and at no time was an equilibrium detectable. The 
decomposition product was possibly phenolic. 

With the tsodiazoate from sulphanilic acid (Fig. 1, B), on the other hand, radiation 
from a mercury lamp for 4 minutes caused the rapid change from Fig. 1, B to Fig. 1, C. 
The appearance of C is reconcilable with the presence of a mixture of normal and iso- 
diazoates, in which the normal form predominates. The shape of the absorption curve 
for the irradiated solution altered only slightly after exposure for another 5 minutes, 
suggesting that an equilibrium, disturbed by slow decomposition, had been reached. 
During 2 days in the dark, partial reconversion into the isodiazoate was noticeable (Fig. 1, 
D). The evidence, therefore, suggests that photoisomerisation takes place on irradiation. 

The Nitrobenzene Diazoates.—The diazoates from o-, m-, and p-nitroanilines exist in 
only the iso-form, according to the literature. The isolation of a single variety of the 
in product from #-nitroaniline at room temperature is under- 

Qn, N—N=0 Standable if its anion is a mesomeride to which quinonoid 

oO” structures (such as X) contribute significantly. A similar 

(X) view may be taken of the o-nitro-derivative, subject to the 

added complications introduced by steric hindrance. Obviously the same explanation 
cannot be applied to the m-nitro-derivative. Attempts have therefore been made to 
prepare a second form in each case, but without success. However, indications of the 
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differing stabilities of the ortho- and para-derivatives on the one hand and of the meta- 
derivative on the other have been obtained: the ortho- and para-compounds could 
be prepared in solutions of lower alkaline concentration and at higher temperatures, 
and hence are both relatively stable; the meta-derivative, however, was only satis- 
factorily isolable at temperatures below 0° and in highly concentrated alkaline solutions. 
When this meta-derivative was subjected to the conditions used to transform normal 
into iso-salts (i.e., heating in strong alkali) it lost nitrogen and gave a diazo-resin (which 
had no strong ultraviolet absorption). The meta-derivative therefore has a lower stability 
than that expected for iso-salts, but like these salts it couples slowly with alkaline 
2-naphthol. The o- and the f-nitrobenzenediazoate also couple slowly, but are otherwise 
quite different in stability from their meta-isomer. 

The spectra of the nitrobenzenediazoates are illustrated in Fig. 3. Fig. 3, A refers to 
sodium p-nitrobenzenediazoate in 0-15n sodium hydroxide. The position of the long-wave 
K-band at 330 my (emax, 15,000) in this compound, contrasted with 260 mu for nitrobenzene 
in alcohol, or 273 my for benzenetsodiazoate in alkali, provides evidence for conjugation 
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in the f-nitrobenzenediazoate. This supports the suggestion that in this compound 
conjugation has lowered the N=N bond order and thus diminished the barrier to “ free ”’ 
rotation. In the ortho-substance, however, steric hindrance is noticeable (Fig. 3, B). The 
K-band appears at about 255 my, and the intensity is diminished. Fig. 3, C, records the 
effect of irradiation by a hydrogen lamp on the solution used for B. 

The sodium meta-diazoate gave the curve D. This has a maximum at 268 my, which 
is close to the K-band of nitrobenzene. (The spectra of the ortho- and the meta-derivative 
were measured in 2 cm. cells, all other measurements being made in 1 cm. cells.) 

Irradiation of Sodium o- and p-Nitrobenzenediazoates.—As has been previously indicated, 
if the thermal cis+trans change is fast, the nature of the equilibrium produced by 
irradiation may be affected. The content of the cis-form in the total equilibrium mixture 
will tend to be lower in proportion to the rapidity of the thermal reaction. In addition, 
on cessation of illumination—provided no decomposition occurs—the reconversion into the 
original (dark) state might be rapid, thus making it seem that on recording the spectrum 
before and after illumination no change has occurred. When a solution of sodium #-nitro- 
benzenediazoate in 0-15n-sodium hydroxide (Fig. 3, A) is irradiated with light from a 
mercury-vapour lamp for 7 minutes, only a slight difference, within the bounds of 
instrumental error, is observable. (It is here relevant to recall that solutions of azo- 
benzenes and of other isodiazoates previously mentioned are markedly affected by, or 








— FF = 








XUM 


[1957] The Action of Light on Normal and isoDiazoates. 751 


come to an equilibrium within, seven minutes of irradiation.) Continued irradiation gives 
rise to a slow irreversible decomposition. 

The o-nitro-derivative before the mercury lamp behaved practically the same as did the 
p-nitrodiazoate except that the rate of permanent decomposition seemed slightly greater. 
Fig. 3, B and C, relate to solutions before and after 5 minutes’ irradiation. 

Sodium m-Nitrobenzenediazoate——The m-nitro- behaves very differently from the 
ortho- or para-derivative on irradiation (Fig. 3, D and E). At 10m in 0-15n-sodium 
hydroxide a spectrum represented by the lowest curve (D) was obtained. Irradiation 
(hydrogen lamp) produced a symmetrical increase in the band already present. This 
certainly indicated the photochemical production of a compound already existing in the 
unirradiated solution. The inorganic contaminants likely, alkali and smaller traces of 
sodium chloride, cannot account for the absorption at 268 my or for the photochemical 
behaviour. An organic impurity could be nitrobenzene (Amax, 260 my in alcohol), arising 
from deamination; the presence of this, however, seemed improbable since the intensity of 
absorption observed would require a high percentage, not easily escaping notice, of nitro- 
benzene in the m-nitrobenzenediazoate before purification. Moreover the compound 
which gave rise to the 268 my maximum appeared to decompose on standing in the dark. 
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Fig. 4 reproduces spectra of an unirradiated solution (A) and of one irradiated for six 
minutes (B) after both had been stored in the dark for 2 days. They also suggest that 
some decomposition had occurred causing a shift of the main band to 257 my, and indicate 
that the compound giving rise to the 268 mz maximum changes, since the optical densities 
of the irradiated solution (first curve above D, Fig. 3) and the unirradiated solution (Fig. 
3, D) at 268 my drop from 1-25 to 1-18 and 1-15 to 1-11 respectively (Fig. 4). No such 
decomposition can be expected with nitrobenzene. The conclusion is, therefore, that 
nitrobenzene is not detectable in the original solution, nor is it photochemically produced 
on irradiation. 

A possible contaminant in the unirradiated solution, and one which could be produced 
photochemically, is m-nitrophenol. 10“m-m-Nitrophenol in 0-15n-sodium hydroxide 
showed three bands, at 227 my (max. 13,570), 253 my (emax. 10,000), and 293 my (emas. 
4000). The single band at 268 my in the unirradiated or freshly irradiated m-nitrobenzene- 
diazoate cannot therefore be due to m-nitrophenol. 

Yet both these solutions do display evidence of decomposition to m-nitrophenol after 
several days in the dark. There is a shift of the main band from 268 my in Fig. 3, D, to 
257 my in Fig. 4; this is close to the 253 my band of the m-nitrophenoxide ion. Further, 
signs of the 293 mu band at ca. 280 my are visible. The presence of the 227 my band of 
the m-nitrophenoxide ion is also detectable. 

The observations appear to be consistent with the following statements: (a) The m-nitro- 
benzenediazoate specimens actually examined were mixtures of at least two compounds, 
one of which is photochemically producible from the other. (5) In view of the absence of 
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any other bands in the spectrum, and assuming the anti-isomer to have a long-wave 
K-band not far removed from that of the syn-isomer, the two compounds may possibly be 
related as syn- and anti-forms. (c) Although photoisomerisation usually results in a 
preponderance of the cis- or the syn-form, the reverse may sometimes be true. In this 
instance the content of isodiazoate seems, with increasing exposure, to become higher, in 
conformity with a progressive approach to equilibrium. (Ciusa *4 reported the formation 
of anti-2 : 4 : 6-tribromobenzenediazocyanide from the syn-form on irradiation.) (d) The 
two constituents both decompose, m-nitrophenol is formed from possibly one or both 
forms, and the form presumed to be syn decomposes—and decomposes faster—to m-nitro- 
phenol than that presumed to be anti (cf. the inversion of the curves below 237 my in 
Fig. 4). 

In conclusion, it is submitted that the photochemical properties of the o- and p-nitro- 
benzenediazoates are not necessarily out of keeping with the views of Hantzsch, and that, 
further, the spectrographic behaviour of the m-derivative may yet be reconcilable with the 
same theory. 

Coupling by isoDiazoates.—As a side issue, the ability of isodiazoates to couple has 
been checked. The matter is important since literature and text-books in general give the 
impression that they undergo this reaction either with great difficulty or not at all. 

Subsequent to our experiments we found that Cain ** had pointed out that “ The 
presence of alkali has a great effect on the combining power of the two isomers : Schraube 
and Schmidt had a large excess of alkali present when they noticed that the stable form 
did not combine, but when less is used it does combine although much more slowly than 
the labile form.’’ Hodgson and Marsden ** considered that there is an abrupt prevention 
of coupling in solution at pH 8 in the case of isodiazoates. 

An experimental study of the coupling of five isodiazoates has revealed that they 
couple slowly in the absence of light. Even at pH 9-5—the highest at which the reaction 
was attempted—reaction was appreciable. That coupling was not due to impurities was 
shown by the fact that carefully purified sodium -nitrobenzenetsodiazoate coupled quantit- 
atively in the dark and at room temperature with an excess of 2-naphthol solution 
buffered at pH 9-15. The rate of coupling decreased continuously with increase of 
pH of the coupling solution, and rise of temperature tended to accelerate the rate of 
coupling. 

The tsodiazoates from aniline, p-chloroaniline, p-bromoaniline, sulphanilic acid, and 
p-nitroaniline were added to buffered solutions containing 2-naphthol in excess. The 
buffers were made with “‘ AnalaR ”’ sodium borate and sodium carbonate, 2-naphthol or 
its sodium salt being added as required. The pH of the solutions were approximately 
8-5, 9-2, and 9-5 and were constant during the coupling reactions. 

Attempts to determine the order, and to compare the rates, of coupling of sodium 
p-nitrobenzenediazoate and the (sodium) tsodiazoate from sulphanilic acid in alkaline 
2-naphthol at pH 9-2, were abandoned when it was found that the /-nitro-azo-dye began 
to precipitate. The coupling of the second isodiazoate was followed colorimetrically ; 
half the total colour was developed in 14 hr. at ordinary temperatures. 

In aqueous solution, hydrolysis of an tsodiazoate will produce some tsodiazohydroxide 
which, in turn, presumably generates diazonium ions, since these are accepted as the 
coupling species. In an itsodiazohydroxide resonance, relatively unhindered by steric 
effects, will confer a partial double-bond character on the N—-O bond and so the slower 
rate of coupling of tso- compared with that of the normal diazoates is in harmony with 
theory. Certain other reactions shown by isodiazoates in dilute alkaline solution indicate 
the presence of the diazonium ion, ¢.g., the alleged isodiazoate of tribromoaniline, which 


#1 Ciusa, Atti R. Accad. Lincei, 1906, 15, IJ, 137. 
#2 Cain, Ber., 1913, 46, 101. 
23 Hodgson and Marsden, /., 1945, 207. 
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actually exists in the strongly alkaline solution used for its formation, appears as a quinone 
diazide on dilution; this reaction is known ™ to proceed through the diazonium ion. 


One of us (J. B.S.) thanks the Research Committee of the University of Sydney for a 
Studentship. 
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24 Ingold, ‘‘ Structure and Mechanism in Organic Chemistry,’’ Cornell Univ. Press, New York, 1953, 
p. 803. 


145. The Chemistry of the Triterpenes and Related Compounds. Part 
XXX.* The Relative Stabilities of Ring-a Unsaturated Hydrocarbons 
Derived from 3 : 4-Dimethylcholestane and 3-Methyl-24-norurs-12-ene. 


By J. L. Beton, T. G. HAtsati, E. R. H. Jones, and P. C. PHILuips. 


The conversion of cholestan-3-one into 4a- and 48-methylcholestan- 
3-one (XII and XIII), the treatment of these ketones with methylmagnesium 
iodide, and the dehydration of the resulting tertiary alcohols (XIV, 
XV, XVI, and XVII) are described. The acid-catalysed isomerisations of 
the ring-A unsaturated hydrocarbons (XVIII, XIX, and XX) obtained have 
been studied and the results compared with the behaviour of taraxastene 
(I; R =H), ¢-taraxastene (Il; R = H), and lupene-I (III; R =H). 
A parallel series of experiments has been carried out with nor-8-boswel- 
lenone (XXVII). 
RECENT studies of the acid isomerisation of derivatives of taraxasterol (I; R = OH), 
#-taraxasterol (II; R = OH), and-lupenol-I (III; R = OH) have shown that taraxastene 
(I; R =H) is isomerised to ¥-taraxastene (I1; R = H) and this, in turn, gives lupene-I 
(III; R=H).1 The second stage almost certainly involves compounds (IV) with the 
tetrasubstituted double bond. Such compounds have, however, never been isolated in 
our experiments and it is reasonable to conclude that the A°-isomer (III) is more stable 
than the A?-isomer (IV). Generally, compounds in which the double bond is fully 








(V) 


(VIT) 


substituted are more stable than the corresponding isomers with trisubstituted double 
bonds. In the cases discussed above there are, however, two other factors which more 
than offset the effect of the degree of alkyl substitution. The first is the considerable 
non-bonded interaction in structure (IV) between the methyl group at Ci.) and the Cys) 
methylene group. This is undoubtedly the predominating factor leading to the greater 
stability of lupene-I derivatives (III) in which the axial C;,5, methyl group does not interact 
with the C,,,, methylene group. The second factor concerns the relative stabilities of the 

* Part XXIX, J., 1956, 3172. 

1 Ames, Beton, Bowers, Halsall, and Jones, J., 1954, 1905. 
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Al- and A?-octalin systems found in A*- and A?-cholestene (¢.g., V and VI) in which the 
double bond is disubstituted. Taylor? has suggested that the latter is stabilised relative 
to the former by hyperconjugation of its double bond with one more hydrogen atom. 

A suitable carbon framework for a study of the importance of the second factor when 
the first, i.¢c., the effect involving interaction between the Cq,) methyl group and another 
ring, no longer applies, is that of 3:4-dimethylcholestane (VII), which may be compared with 
lupane-I. No non-bonded interaction can occur here between the Cj) methyl group and 
another ring. The first step was the preparation of the 4-methylcholestan-3-ones (XII) 
and (XIII). 4: 4-Dimethylcholest-5-en-3-one can easily be made by methylating choles- 
tenone.? Attempted monomethylation was unsuccessful, only small amounts of a product 
having the expected light absorption of 4-methylcholest-5-en-3-one (Amax, 2520 A; «= 
15,000) being obtained. 


C,H, 
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(i) Raney nickel; CrOQ,. (ii) MeMglI. (iii) POCl,-pyridine. (iv) SOCI,—benzene. 


Fieser 4 carried out the C4, monomethylation of cholest-4-ene-3 : 6-dione by addition of 
diazomethane and thermal decomposition of the resulting pyrazoline. However, on 
treatment of cholestenone with ethereal diazomethane for two days, a period far in excess 
of that used by Fieser, no pyrazoline was obtained. 

? Taylor, Chem. and Ind., 1954, 250. 


3 Woodward, Patchett, Barton, Ives, and Kelly, J. Amer. Chem. Soc., 1954, 76, 2852. 
* Fieser, ibid., 1953, 75, 4386. 
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Cholestan-3-one itself cannot be directly methylated at Cy. However, Woodward ® 
has shown that treatment of a solution of 2-hydroxymethylenecholestanone with tri- 
methylene ditoluene-p-thiosulphonate and potassium acetate leads to the dithioketal 
(VIII), and that methylation with methyl iodide and potassium ¢#ert.-butoxide gives the 
4 : 4-dimethyl derivative (IX). 

By varying the amounts of methyl iodide and potassium #ert.-butoxide it was possible 
to convert the dithioketal (VIII) into a mixture, separated by chromatography, of the 
4: 4-dimethyl, 4a-methyl, and 48-methyl derivatives [(IX), (X), and (XI)] of the dithio- 
ketal (VIII). 

The structure of the dimethylated product (IX) was proved by comparison with a 
sample prepared directly from 4 : 4-dimethylcholestan-3-one obtained by hydrogenation 
of 4 : 4-dimethylcholest-5-en-3-one. The carbonyl stretching band in the infrared spectrum 
of the 4 : 4-dimethyl derivative (IX) was less intense and at a frequency (1685 cm.~!) some 
20 cm.-! lower than is usual for a carbonyl group in a saturated six-membered ring. A 
similar effect was found with the corresponding lupenone derivative but not with the 
monomethyl compounds (X) and (XI). It appears that all the hydrogen atoms on the 
carbon atoms adjacent to the carbonyl group must be substituted for this effect to occur. 

A tentative decision on the configurations of the two monomethylated products was 
first made by assuming that the more easily eluted had the equatorial C,,, methyl group 
(t.e.,4«-methyl). This was subsequently shown to be correct. 

The 48-methylated product (XI) was isomerised to the 4a-isomer (X) with potassium 
tert.-butoxide in ¢ert.-butanol and benzene under the methylation conditions. This 
supports the stereochemical assignments since it corresponds to the reorientation of a 
methyl group from an axial to an equatorial position. From the relative amounts of the 
two monomethylated products (X) and (XI) obtained under varying conditions it appeared 
that the axial (48-methyl) isomer was produced first and then subsequently isomerised to the 
equatorial (4«-methyl) isomer. By using insufficient base and methyl iodide the ratio of 
48- to 4«-isomer produced was increased. 

Bromination of steroidal ketones gives, in the first instance, the isomer in which the 
bromine is axial,® 7 and it is probable that the stereochemistry of the methylation process 
is similar. 

Treatment of the two dithioketals with Raney nickel and oxidation of the resulting 
4-methylcholestanols gave 4«- (XII) and 48-methylcholestan-3-one (XIII). It was not 
possible to isomerise the 48(axial)-methylcholestanone to the 4a(equatorial)-isomer under 
mild alkaline conditions, whilst under more vigorous conditions only resinous material 
was obtained. This failure may be due to the tendency of cholestanones to enolise towards 
Cy) rather than Cy. Any tendency to Ci—Cy) enolisation may be diminished by the 
absence of an axial hydrogen atom at Cy. It has been suggested that it is the axial 
hydrogen atom which is abstracted preferentially during enolisation.? 

Treatment of 4«-methylcholestanone (XII) with methylmagnesium iodide gave the two 
tertiary alcohols (XIV) and (XV), whilst the corresponding pair (XVI) and (XVII) were 
obtained from the 48-isomer (XIII). 

Dehydration of the alcohol (XIV), the configuration of which was first assumed from 
adsorption properties, with phosphoryl chloride and pyridine gave mainly 3 : 4-dimethyl- 
cholest-3-ene (XVIII) (no infrared band corresponding to trisubstituted double bond or 
vinylidene group), separated by crystallisation from a small amount of 3 : 4«-dimethyl- 
cholest-2-ene (XIX). This behaviour accords well with the designated configuration, 
elimination involving the trans and axial C,,) hydroxyl group and the C,,, hydrogen atom. 
The isomeric A?-hydrocarbon arises by elimination with the axial C,,,) hydrogen atom. 


5 Woodward, private communication (cf. Woodward, Patchett, Barton, Ives, and Kelly, J., 1957, 
in the press). 

® Corey, Experientia, 1953, 9, 329. 

7 Idem, J. Amer. Chem. Soc., 1954, 76, 175. 
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The structure of the 3 : 4-dimethylcholest-3-ene was confirmed by conversion into the 
glycol (XXII) with osmium tetroxide. The a-configuration of the hydroxyl groups is 
assumed on the basis of attack from the less-hindered («) face of the molecule. Periodic 
acid gave the diketone (XXIII) which cyclised on alumina to the acetylcyclopentene 
derivative (XXIV). This showed maximum ultraviolet light absorption at 2595 A; the 
unusually long wavelength is typical of a 1-acetyl-2-methylcyclopentene.® 

Dehydration of the glycol with phosphoryl chloride in pyridine gave a diene. Its 
ultraviolet and infrared spectra, with maximal absorption at 2360 A and bands at 806 and 
880 cm.~!, indicative of a trisubstituted double bond and a vinylidene group, were con- 
sistent with formulation (XXV). The formation of the vinylidene group confirms that the 
hydroxyl group at C,) in the glycol is equatorial (<). 

Dehydration with phosphoryl chloride in pyridine of 3a : 4«-dimethylcholestan-38-ol 
(XV) (hydroxyl group equatorial) gave the expected exomethylene derivative (XX). 3: 4a- 
Dimethylcholest-2-ene (XIX) was best prepared by the dehydration of 38 : 4«-dimethyl- 
cholestan-3-ol (XIV) with thionyl chloride in benzene. The formation of the A*- rather 
than the A*-isomer may well be due to the operation of a cyclic mechanism involving a 
cis-elimination of the hydroxyl group and the Cg) cis-(a)-hydrogen atom. At Cy) there 
is no cis-hydrogen atom. Evidence for this suggestion is provided by the dehydration 
with thionyl chloride in benzene of $-amyrin and lupanol to oleana-2: 12-diene and 
lup-2-ene (ring A in each case as in XXVI), respectively. In these cases a cyclic cis- 
elimination almost certainly occurs since an ionic ¢vans-elimination favours ring contraction 
as when $-amyrin is dehydrated with phosphorus pentachloride.® 

The configurations of the two alcohols from 48-methylcholestan-3-one (XIII) were 
established by dehydrating a small amount of the alcohol (XVI), thought to have the 
3x(axial)-hydroxyl group, with phosphoryl chloride in pyridine. The product was shown 
by infrared examination to contain a trisubstituted double bond but no vinylidene group. 
If the hydroxyl group had had the @-configuration, t.¢c., equatorial, a vinylidene group 
would have been formed. 


1-6) = oh ot 


” | 
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The acid-catalysed isomerisations of the hydrocarbons (XVIII), (XIX), and (XX) and 
of the dehydration product from 38 : 48-dimethylcholestan-32-ol (XVI) were studied by 
keeping them with 10% ethanolic sulphuric acid—benzene at 20° for several days. Spectral 
analysis revealed that identical mixtures were obtained in all cases. The infrared spectra 
showed that the isomerisation products did not contain an isomer with a vinylidene group. 
The ultraviolet and the infrared spectra together were consistent (see Experimental section) 
with the isomerisation product’s being a mixture of 35—40% of the trisubstituted olefin 
(XIX) and 60—65% of the isomer (XVIII) with the tetrasubstituted double bond. 
Repeated crystallisation of the isomerisation product obtained from 3: 4«-dimethyl- 
cholest-2-ene (XIX) afforded the A®-isomer (XVIII). The satisfactory agreement between 
the analytical figures based on spectral data showed that there was no significant amount 
of the A*isomer (38 : 4-dimethylcholest-4-ene) present. The ultraviolet absorption of 
this isomer in the low-wavelength region would have been appreciably more intense than 
that of the A*-isomer (XVIII) owing to its exocyclic double bond,?° and had it been present 
the calculations of the composition of the isomerisation mixture made on the assumption 

§ Schubert and Sweeney, ibid., 1955, 77, 2297. 


® Barton and Cookson, Quart. Rev., 1956, 10, 69. 
10 Bladon, Henbest, and Wood, J., 1952, 2737. 
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that only the isomers (XVIII) and (XIX) were present would not have agreed. In 
particular, calculations based on ultraviolet data would have given a higher value for the 
percentage of the A®-isomer (XVIII) present than those based on infrared data. 

It is extremely unlikely that the A*-3 : 48-isomer (X XI) was present in the isomerisation 
mixture from the A*-isomer (XVIII); the isomer (XXI) would be appreciably less stable 
than the 4a-isomer (XIX) because of the non-bonded interaction between the Cip- and the 
C4»)8(axial)-methyl group. 

The composition of the isomerisation mixture shows that under the conditions of its 
formation the free energies of the two isomers (XVIII) and (XIX) are approximately 
equal, The differences in ring strain produced by the A%-(A!-tvans-octalin type)- and 
A?-(A?-trans-octalin type)-bonds must be approximately equal to the extra stabilisation 
energy associated with a tetrasubstituted as compared with a trisubstituted double 
bond. This conclusion confirms the view that the greater stability of the A*-isomer (III) 
than of the A!*%-isomer (IV) is due to the non-bonded interaction in the latter between 
the C;y,)-methyl group and the Cq,)-methylene group. 

In a second system investigated the ursane derivative nor-8-boswellenone (XXVII) 
was the starting material. Since this is obtained from 8-boswellic acid (XXVIII) via the 
8-keto-acid and i situ decarboxylation, it may be assumed that the C;y-methyl group 
of nor-$-boswellenone is in the more stable equatorial («) conformation.” Treatment of 
the ketone with methylmagnesium iodide gave two alcohols (XXIX) and (XXX). The 
3a-hydroxyl compound (X XIX), eluted more readily from alumina, was dehydrated with 
phosphoryl chloride in pyridine to the A*-isomer (XXXI) with a tetrasubstituted double 
bond. This proves the axial conformation not only of the hydroxyl group at Cg) but also 
of the hydrogen atom at Cy, confirming the allocation of the «-configuration to the 
Cy) methyl group. On the other hand, dehydration of the alcohol (XXIX) with thionyl 
chlorine in benzene gave the trisubstituted isomer (XXXII) as in the cholestane series. 
The trisubstituted nature of the double bond in the A*-isomer (XXXII) was confirmed by 
oxidation via a glycol to a keto-acid. Dehydration with phosphoryl chloride in pyridine 
of the alcohol (XXX) with the equatorial hydroxyl group gave, as expected, the hydro- 
carbon (X XXIII) with the vinylidene group. 


SH OO 


H (XXVII) % (XXVIII) ; _ (XXXII 


HO,C 
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Acid treatment of the A%-isomer (XXXI) gave a mixture from which the A®-isomer 
(XXXII) was obtained in about 35% yield. Spectroscopic examination indicated that 
the mixture contained approximately equal amounts of the A?- and the A*-isomer (XXXII) 
and (XXXI). In this case the presence of the original trisubstituted double bond in 

11 Beton, Halsall, and Jones, J., 1956, 2904. 

12 Klyne, Experientia, 1956, 12, 119. 
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ring C made the analysis much less reliable than with the dimethylcholestenes. The 
result, however, is consistent with that obtained with the latter and confirms the con- 
clusions already reached about the energy relation between the A?- and the A®-isomer. 

The ratios of the yields of the two alcohols from the action of methylmagnesium iodide 
in the cases of the two 4-methylcholestanones and nor-$-boswellenone are : (i) 4«-methyl- 
cholestanone, 3/38 = 7/3; (ii) 48-methylcholestanone, 3/38 = 1/1; (iii) nor-§-boswel- 
lenone, 3«/38 = 4/1. To elucidate the orientating effect of the C;y-methyl group cholestan- 
3-one was treated with methylmagnesium iodide. Previously, Bolt and Backer }* had 
obtained a 70% yield of an alcohol, m. p. 129—130°, from this reaction. Farmer and 
Kon ! obtained a mixture from which was isolated the epimeric alcohol, m. p. 147°, whilst 
Kuwada and Miyasaka }° had obtained both epimers, m. p.s 125° and 147—148°, from the 
action of methylmagnesium iodide on cholestanone cyanohydrin. Innoneofthese cases was 
the stereochemistry of the alcohols elucidated when the work described here was undertaken. 

In our experiment the two alcohols, m. p.s 128-5—129° and 148—150°, were obtained 
in the ratio of 5:4. The alcohol, m. p. 128-5—129°, is 38-methylcholestan-3a-ol since 
the hydrocarbon, m. p. 84° (Kuwada and Miyasaka} give m. p. 84° fora methylcholestene), 
obtained with phosphoryl chloride and pyridine contained a trisubstituted double bond 
(infrared spectrum) and not the vinylidene group which would have resulted from an 
equatorial 38-hydroxyl group. The dehydration product from the other alcohol, 3«-methyl- 
cholestan-38-ol, had an infrared spectrum which indicated that it was a mixture of 
3-methylenecholestane and 3-methylcholest-2(or 3)-ene. Since the above work was carried 
out Barnes and Palmer !* have reached the same conclusions, and Barton !7 has announced 
that he has also determined the configurations of the two alcohols. 

The product ratios indicate that absence of a Cj-methyl group or presence of an axial 
(48) methyl group gives an equal chance of the Grignard reagent’s approaching from either 
the a- or the B-side. On the other hand, the presence of the equatorial (4) methyl group 
reduces appreciably the amount of isomer produced by attack of the reagent from the 
a-face of the molecule. 








EXPERIMENTAL 


Rotations were determined in chloroform at room temperature. M. p.s were determined 
on a Kofler block and are corrected. The alumina used for chromatography had activity 
I—II, unless otherwise stated. Light petroleum refers to the fraction, b. p. 60—80°. Ultra- 
violet spectra were determined in ethanol and infrared spectra in carbon disulphide. 

2-Hydroxymethylenecholestan-3-one.—Cholestanone (20 g.) in ether (500 c.c.) was treated 
with sodium methoxide (from 15 g. of sodium) in methanol (150 c.c.) and ethyl formate (240 
c.c.) for 5 days at 20° with occasional shaking. The mixture was then treated with a buffered 
phosphate solution (pH = 8). Extraction with ether afforded 2-hydroxymethylenecholestan- 
3-one as pale yellow crystals (from chloroform—methanol), m. p. 180—181°. Light absorption 
in ethanol: Max. 2850 A; ¢ = 16,600. 

3-Oxocholestane-2-spiro-2’-(1’ : 3’-dithian)(VII1).—2-Hydroxymethylenecholestan-3-one (10 g.) 
and trimethylene ditoluene-p-thiosulphonate (12 g.) in ethanol (300 c.c.) were treated with 
potassium acetate (25 g.) in ethanol (500 c.c.). The mixture was heated under reflux under 
carbon dioxide for 74 hr. and then the solvent was removed. The residual solid was par- 
titioned between benzene and water. The benzene phase was washed and dried and put on 
alumina (300 g.; activity II). Elution with benzene (3 1.) afforded 3-oxocholestane-2-spiro- 
2’-(1’ : 3’-dithian) as fibrous needles (7-4 g.) (from chloroform—methanol), m. p. 182—183°, 
[a}p +114° (c, 1-5) (Found: S, 13-3. C3 ,H;,OS, requires S, 13-05%). 

4a-Methyl-, 48-Methyl-, and 4 : 4-Dimethyl-3-oxocholestane-2-spiro-2’-(1’ : 3’-dithian).—3-Oxo- 
cholestane-2-spiro-2’-(1’ : 3’-dithian) (10 g.) was heated under reflux in a mixture of benzene 
(100 c.c.) and a solution of potassium ¢ert.-butoxide in fert.-butanol (100 c.c.; 1-08M). Methyl 


13 Bolt and Backer, Rec. Trav. chim., 1937, 56, 1139. 

144 Farmer and Kon, /., 1937, 414. 

18 Kuwada and Miyasaka, J. Pharm. Soc. Japan, 1938, 58, 115. 

16 Barnes and Palmer, Austral. ]. Chem., 1956, 9, 105. 

‘7 Barton, ‘‘ Experientia Supplementum II, ” Birkhauser Verlag, Basel und Stuttgart, 1955, p. 121. 
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iodide (6 c.c.) was added to the hot solution, which was heated for a further 20 min. After 
addition of water and removal of solvent under reduced pressure, ethereal extraction afforded 
a solid which was adsorbed from light petroleum—benzene (1: 1) on alumina (1 kg.). Elution 
with light petroleum—benzene (1:1) gave three fractions as follows: (a) 4: 4-Dimethyl-3- 
oxocholestane-2-spiro-2’-(1’ : 3’-dithian) (IX) (1-85 g.; 17%), plates (from chloroform—methanol), 
m. p. 128—129° undepressed on admixture with a sample prepared from 4 : 4-dimethylcholestan- 
3-one (see below), [«]p —19° (c, 1-52) (Found: C, 73-95; H, 10-55; S, 12-45. C,,H,;,OS, 
requires C, 74:1; H, 10-5; S, 12-35%). Infrared absorption: band at 1686 cm.1. (b) 4a- 
Methyl-3-oxocholestane-2-spiro-2’-(1’ : 3’-dithian) (X) (4:9 g.; 48%), plates (from chloroform-— 
methanol) with a double m. p., 127—130° and 159—162°. On crystallisation from methanol it 
had m. p. 159—162°; a sublimate had a single m. p. 160—161°. [a]p + 70° (c, 1-73) (Found : 
S, 13-3. C,,H,;,OS, requires S, 12-9%). Infrared absorption: band at 1702 cm.-!. (c) 46- 
Methyl-3-oxocholestane-2-spiro-2’-(1 : 3’-dithian) (XI) (760 mg.; 8%) fibrous needles (from 
chloroform—methanol), m. p. 161—162° depressed on admixture with the 4«-methy] derivative, 
[a]p +89° (c, 1-21) (Found: S, 13-1%). Infrared absorption: band at 1703 cm.-}. Further 
elution with light petroleum—benzene (1 : 1) afforded a small amount of starting material. 

4 : 4-Dimethylcholestan-3-one.—(a) 4 : 4-Dimethyl-3-oxocholestane-2-spiro-2’-(1’ : 3’-dithian) 
(1-2 g.) in ethanol (100 c.c.) was heated under reflux with Raney nickel (12 g.) for6 hr. Removal 
of the nickel and the solvent gave a solid which displayed a strong hydroxy] band in the infrared 
spectrum and contained nosulphur. The solid in hot acetic acid (40 c.c.) and sodium dichromate 
(1 g.) in hot acetic acid (40 c.c.) were heated on the steam-bath for 1 hr. and then kept at 20° 
overnight. Dilution with water, isolation with ether, and crystallisation from methanol gave 
4 : 4-dimethylcholestan-3-one as needles, m. p. 100—101° undepressed on admixture with a sample 
prepared from 4 : 4-dimethylcholest-5-en-3-one (see below), [«]p +8° (c, 1-42) (Found: C, 83-9; 
H, 12-1. C,,H;,O requires C, 84-0; H, 12-15%). 

(b) 4: 4-Dimethylcholest-5-en-3-one * (520 mg.) was hydrogenated in acetic acid (60 c.c.) in 
the presence of Adams’s catalyst (150 mg.) at 75—80°. The uptake of hydrogen was complete 
after 1 hr. Removal of the catalyst, dilution with water, and extraction with ether afforded 
a solid. Any 4: 4-dimethylcholestanyl acetate produced was hydrolysed. The product 
(480 mg.) showed a strong hydroxyl band at 3625 cm."?. A solution in hot acetic acid (10 c.c.) 
and sodium dichromate (300 mg.) in hot acetic acid (5 c.c.) were heated on the steam-bath for 
1 hr. and then kept at 20° overnight. Dilution with water, isolation by ether extraction, and 
crystallisation from methanol gave 4: 4-dimethylcholestan-3-one as long needles (210 mg.), 
m. p. 100—101°, [«]p +8° (c, 1-16). 

Preparation of 4: 4-Dimethyl-3-oxocholestane-2-spiro-2’-(1’ : 3’-dithian) (IX) from 4: 4- 
Dimethylcholestan-3-one.—4 : 4-Dimethylcholestan-3-one (155 mg.) (prepared from 4: 4-di- 
methylcholest-4-en-3-one as described above) in ether (10 c.c.) was treated with a suspension of 
sodium methoxide (from 1 g. of sodium) in ethyl formate (20 c.c.). The mixture was kept for 
6 days at 20° and shaken occasionally. More ether was then added and the mixture was shaken 
with phosphate buffer solution (pH = 7). From the ether layer 2-hydroxymethylene-4 : 4- 
dimethylcholestan-3-one (101 mg.), m. p. 131—138° (from acetone—methanol), was obtained. 
The hydroxymethylene derivative, trimethylene ditoluene-p-thiosulphonate (100 mg.), and 
potassium acetate (250 mg.) in ethanol (20 c.c.) were heated under reflux for 10 hr. in carbon 
dioxide. After removal of solvent and addition of water, extraction with benzene afforded 
a product which was adsorbed from benzene on alumina (10 g.). Elution with benzene 
yielded 4: 4-dimethyl-3-oxocholestane-2-spivo-2’-(1’ : 3’-dithian) as plates (65 mg.) (from 
chloroform—methanol), m. p. 128—129°, [a]p —19° (c, 1-50). The infrared spectrum was 
identical with that of the compound obtained by methylation of 3-oxocholestane-2-spiro-2’- 
(1’ : 3’-dithian). 

4a-Methylcholestan-3-one (XII).—4a-Methyl-3-oxocholestane-2-spiro-2’-(1’ : 3’-dithian) (10 g.) 
in ethanol (500 c.c.) was heated under reflux with efficient stirring with Raney nickel (100 g.) for 
7 hr. Removal of the nickel and the solvent gave a solid which was dissolved in acetic acid 
(100 c.c.) and treated with sodium dichromate (4-5 g.) in acetic acid (100 c.c.). The mixture 
was heated on the steam-bath for 20 min. and then kept at 20° overnight. Dilution with water 
and extraction with ether afforded 4«-methylcholestan-3-one (5-76 g.) as plates (from methanol), 
m. p. 118—120° raised by repeated crystallisation from methanol to 122—122-5°, depressed on 
admixture with 48-methylcholestan-3-one to 110—120°, [%]p + 25° (c, 2:17) (Found: C, 83-9; 
H, 11-7. C,gH,,O requires C, 83-95; H, 12-1%). Infrared absorption: band at 1708 cm.-}. 
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48-Methylcholestan-3-one (XIII).—48-Methyl-3-oxocholestane-2-spiro-2’-(1’ : 3’-dithian) 
(760 mg.) in ethanol (70 c.c.) was heated under reflux with Raney nickel (7-6 g.) for 6 hr. 
Removal of the nickel and the solvent gave crude 48-methylcholestanol (590 mg.), m. p. 
128—135°, which was dissolved in hot acetic acid (8 c.c.) and treated with a solution of sodium 
dichromate (300 mg.) in hot acetic acid (3 c.c.). The mixture was heated on the steam-bath for 
20 min. Dilution with water and extraction with ether gave 48-methylcholestan-3-one (455 mg.), 
plates, m. p. 125—127° (after crystallisation from acetic acid), [a]p +36° (c, 1-71) (Found: 
C, 83-8; H, 12-05%). Infrared absorption: band at 1708 cm."}. 

Attempted Isomerisation of 4a- and 48-Methylcholestan-3-one.—Treatment of 4$-methyl- 
cholestan-3-one as follows led only to the recovery of starting materials : (a) Shaking an ethereal 
solution of the ketone with saturated aqueous potassium carbonate for 15 min. (b) Heating the 
ketone under reflux with a solution of sodium methoxide in methanol (23%) for Lhr. (c) Allowing 
the ketone in benzene to remain on alumina for 28 hr. 

Heating the ketone under reflux with potassium #ert.-butoxide in ¢ert.-butanol (1-3m) for 
1 hr. produced a yellow gum from which no crystals could be obtained. A similar result was 
obtained by heating 48-methylcholestan-3-one for 2 hr. at 170° with a 10% solution of potassium 
hydroxide in ethylene glycol. 

Attempts to isomerise 4%-methylcholestan-3-one under all these conditions- except (a) 
merely gave starting material. 

Isomerisation of 48-Methyl-3-oxocholestane-2-spiro-2’-(1’ : 3’-dithian) (XI).—The thioketal 
(120 mg.) in benzene (20 c.c.) was heated under reflux for 1 hr. with potassium #ert.-butoxide 
in fert.-butanol (10c.c.; 1-3m). After removal of the solvents under reduced pressure extraction 
with ether afforded a product which was adsorbed from light petroleum—benzene (1:1) on 
alumina (20 g.). The same solvent eluted a fraction which was mainly the 4«-isomer. Crystal- 
lisation from methanol gave material, m. p. 154—158° undepressed on admixture with the 
4a-isomer (mixed m. p. 154—160°), depressed on admixture with 4$-isomer (mixed m. p. 
142—-158°). The mixed m. p. of the two authentic isomers was 143—159°. Crystallisation 
of the isomerisation product from chloroform—methanol gave plates which exhibited the 
characteristic double melting (m. p.s 127—130° and 157—160°). 

Treatment of 48-Methylcholestan-3-one with Methylmagnesium Iodide.—48-Methylcholestan- 
3-one (455 mg.) in ether (15 c.c.) and methylmagnesium iodide in ether (from 1 g. of magnesium) 
were kept at 20° overnight. Decomposition with ammonium chloride solution and extraction 
with ether afforded a product which was adsorbed from benzene on alumina (50 g.). Benzene— 
ether (1:1) eluted 38 : 48-dimethylcholestan-3a-ol (XVI) (230 mg.; 48%), which crystallised 
from methanol as needles, m. p. 126-5—128°. At 170°/0-1 mm. the needles gave a sublimate, 
m. p. 120—121°, [a]p +27° (c, 1-34) (Found: C, 84:1; H, 12-85. C,,H,;,O requires C, 83-6; 
H, 12-6%). Further elution, with ether—-methanol (19: 1), gave 3a : 48-dimethylcholestan-38-ol 
(XVII) which at 170°/0-1 mm. gave a sublimate, m. p. 135—137°, [«]p + 28° (c, 1-52) (Found : 
C, 84-0; H, 12-6%). 

Treatment of 4a-Methylcholestan-3-one with Methylmagnesium Iodide.—4a-Methylcholestan- 
3-one (5-6 g.) in ether (150 c.c.) was set aside overnight with methylmagnesium iodide in ether 
(150 c.c.) (from 10 g. of magnesium) at 20°. Decomposition with ammonium chloride solution 
and extraction with ether afforded a solid (5-7 g.) which was adsorbed from benzene or alumina 
(450 g.). Elution with benzene-ether (1: 1) gave 38 : 4a-dimethylcholestan-3a-ol (XIV) (4-0 g.; 
70%), needles (from methanol), m. p. 133—134°, [a]p +13-5° (c, 2-52) (Found: C, 83-9; H, 12-7. 
Cyg,H,;.0 requires C, 83-6; H, 12-6%). Further elution, with ether—-methanol (19: 1), afforded 
3a : 4a-dimethylcholestan-38-ol (XV) (1-72 g.; 30%), fine needles (from methanol), m. p. 142— 
143-5°, [a]p + 27° (c, 2-72) (Found: C, 83-6; H, 12-6%). 

4x-Methyl-3-methylenecholestane (XX).—3a : 4«a-Dimethylcholestan-38-ol (800 mg.) in 
pyridine (40 c.c.) was heated under reflux with phosphoryl] chloride (8 c.c.) for 30 min. Careful 
decomposition of the excess of reagent with water and extraction with ether gave a solid which 
was adsorbed from pentane on alumina (50 g.). Elution with pentane yielded 4a-methyl-3- 
methylenecholestane (690 mg.), flakes (on recrystallisation from acetone), m. p. 66—67°, [a]p 
-+12-5° (c, 2-17) (Found: C, 87-2; H, 12-6. C,,H;, requires C, 87-35; H, 12-65%). Infrared 
absorption : bands at 887 and 1643 cm."!. 

3 : 4a-Dimethylcholest-2-ene (XIX).—38 : 4a-Dimethylcholestan-3a-ol (425 mg.) in benzene (40 
c.c.) was heated under reflux with freshly distilled thionyl] chloride (1 c.c.) for44hr. The benzene 
solution was then washed free from acids with water and potassium hydrogen carbonate solution, 
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dried, and poured on alumina (40 g.; activity II). Elution with benzene gave 3 : 4a-dimethyl- 
cholest-2-ene (400 mg.), needles (from acetone), m. p. 111-5—113°, [«]p + 20° (c, 1-1). Asublimed 
sample had m. p. 113—113-5° (Found : C, 87-4; H, 12-8. C,).H5. requires C, 87-35; H, 12-65%). 
Infrared absorption : bands at 777 and 810 cm."?. 

Dehydration of 38 : 48-Dimethylcholestan-3a-ol (XV1).—The alcohol (30 mg.) was heated 
under reflux for 1 hr. in pyridine (3 c.c.) with phosphoryl chloride (0-5 c.c.). Dilution with 
water and extraction with ether gave a solid which was dissolved in pentane and filtered through 
alumina (5 g.). The product, m. p. 75—80°, could not be purified further owing to the small 
amount available. Its spectrum had a band at 789 cm.“ indicative of a trisubstituted double 
bond, but none indicative of an exocyclic methylene group. This shows that the product is 
mainly 3 : 48-dimethylcholest-2-ene. 

3 : 4-Dimethylcholest-3-ene (XVIII).—38 : 4a-Dimethylcholestan-3«-ol (1-2 g.) in pyridine 
(60 c.c.) was heated under reflux with phosphoryl chloride (12 c.c.) for $ hr. Dilution with 
water and extraction with ether gave a solid which was adsorbed from pentane on alumina (60 g.). 
Elution with the same solvent (300 c.c.) and two crystallisations from acetone gave needles, 
m. p. 100—101-5°, [a]p +9-6° (c, 1-83). The infrared spectrum suggested that these contained 
a small amount of 3 : 4a-dimethylcholest-2-ene. This was removed by repeated crystallisation 
from acetone to give pure 3 : 4-dimethylcholest-3-ene as fibrous needles, m. p. 106-5—108°, [«]p 
+5° (c, 0-57) (Found: C, 87-5; H, 12-4. C,H» requires C, 87-35; H, 12-65%). 

Oxidation of 3: 4-Dimethylcholest-3-ene (XVIII) with Osmium Tetroxide.—3 : 4-Dimethyl- 
cholest-3-ene (1-4 g.) in pyridine (25 c.c.) and benzene (25 c.c.) and osmium tetroxide (1 g.; 
1-1 mol.) were kept at 20° for 18 days. The solvents were then removed under reduced pressure 
and the residue was heated under reflux with a mixture of benzene (40 c.c.), methanol (40 c.c.), 
ethanol (40 c.c.), water (20 c.c.), mannitol (8 g.), and potassium hydroxide (8 g.) for 34 hr. 
Sodium sulphite (1-4 g.) was then added and the heating continued for 1 hr. After removal of 
the solvents, extraction with ether afforded a solid which was adsorbed from benzene on alumina 
(100 g.; activity II). Elution with. benzene (400 c.c.) afforded starting material (220 mg.). 
Elution with ether (1700 c.c.) and crystallisation from methanol gave 38 : 48-dimethylcholestane- 
3a : 4a-diol (XXII) as plates (740 mg.), m. p. 162-5—163°, [a]p +1-3° (c, 2-39) (Found: C, 80-45; 
H, 12-05. C,,H;,0, requires C, 80-5; H, 12-1%). Further elution with ether—-methanol 
(19 : 1) gave a fraction (80 mg.) which crystallised with difficulty from methanol to give a small 
amount of solid, m. p. 195—203°; this is probably impure 38 : 48-diol. 

Oxidation of 38 : 48-Dimethylcholestane-3a : 4x-diol (XXII).— The 3« : 4«-diol (106 mg.) in 
dioxan (10 c.c.) was treated with periodic acid (125 mg.) in water (1 c.c.) for 24 hr. at 20°. 
Dilution with water, extraction with ether, and crystallisation from aqueous methanol gave 
2-acetyl-2 : 3-secocholestan-4-one (XXIII) as needles (85 mg.), m. p. 99—100-5°, [a]p +10° 
(c, 1-23) (Found : C, 80-7; H, 11-8. C.9H;,O, requires C, 80-85; H, 11-7%). 

Cyclisation of 2-Acetyl-2: 3-secocholestan-4-one (XXIII).—2-Acetyl-2 : 3-secocholestan-4- 
one (50 mg.), dissolved in the minimum amount of light petroleum, was adsorbed on alumina 
(10 g.). Elution after 1 hr. with benzene (80 c.c.) and benzene-ether (9:1; 160 c.c.) gave 
starting material. Further elution with benzene-ether (4:1; 40 c.c.) gave 2-acetyl-3-methyl-a- 
norcholest-2-ene (XXIV), plates (from aqueous methanol), m. p. 105—108°. Light absorption : 
max. 2595 A, « = 9550; band at 1670cm.-?. The ketone gave a positive iodoform test and was 
characterised as its 2: 4-dinitrophenylhydrazone, m. p. 225—227-5° (Found: N, 9-55. 
C35H,5,0,N, requires N, 9-45%). Light absorption: max. 2950A; « = 23,400. 

Dehydration of 38 : 48-Dimethylcholestan-3« : 4a-diol (X XII).—The diol (100 mg.) in pyridine 
(10 c.c.) was heated under reflux for 1 hr. with phosphoryl chloride (2 c.c.)._ Dilution with water 
and extraction with ether gave a product which was adsorbed from light petroleum on alumina 
(5 g.; activity II). Elution with the same solvent (50 c.c.) and three crystallisations of the 
product from acetone gave 3-methyl-4-methylenecholest-2-ene (XXV) as long needles (40 mg.), 
m. p. 92—99°, [a]p +85° (c, 0-85) (Found: C, 87-85; H, 12-25. C,gH,, requires C, 87-8; 
H, 12-2%). Light absorption: max. 2360 A, <« = 15,100; bands at 806 (w) and 880 (s) cm.~?. 

Isomerisation of 4a-Methyl-3-methylenecholestane (XX).—4a-Methyl-3-methylenecholestane 
(160 mg.) in ethanolic sulphuric acid (70 c.c.; 10% v/v) and benzene (25 c.c.) was kept at 20° 
for 4 days. Dilution with water and extraction with ether gave a solid whose solution in 
pentane was filtered through alumina (5 g.). The product, m. p. 87—98°, [a]p +11° (ce, 1-76), 
was analysed as follows : 

(a) Ultraviolet absorption measured by a ‘“‘ Unicam S.P. 500 ”’ spectrophotometer specially 
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chosen for its good optical characteristics in the region 2000—2200 A and not exhibiting a false 
maximum above 2000 A : 


Intensity (e) of absorption. 


Th Ulh ceuadsgthasiraisiedintanitantenesnts seedings 2000 2050 2100 2150 2200 2230 2250 
3: 4-Dimethylcholest-3-ene .............seeeeeee 7900 6500 4550 2700 1565 1165 930 
TeOmeriGAtiON MUKTUTS § .......0ccercccccccccossees 6650 5220 3500 1980 1100 800 600 
3 : 4x-Dimethylcholest-2-ene ..............-..e00+ 4550 3170 1900 860 230 100 75 
% of 3: 4-dimethylcholest-3-ene (calc.) ...... 63 62 60 61 65 66 62 


(b) Infrared absorption. The intensity of absorption (e) is calculated from the equation 
¢ = (1/cl) log,, {(100 — y)/(100 — x)},, where c = concentration in mole/l., / = cell length in cm., 
* = % absorption at vcm.~ with solution in sample beam of light and solvent in reference beam, 
and y = % absorption at v cm. with solvent in both beams. This calculation does not give 
strictly true values since it does not take account of slit widths, but the error due to this is small 
at ca. 800 cm.-! as the slit width is small. Since the spectra of the pure hydrocarbons and of 
the isomerisation mixture are obtained under similar conditions the intensities obtained should 
give a reasonably accurate analysis of the mixture: 


Intensity (e) of absorption. 


OS is cancdccntedacnscsnecscwonsiocscsecsesenacarnexcentsseioesasodonee 810 777 
3: &Dimethyicholest-3-ene .............cccccccsccccsccscccceccescecs 7-5 4 
TOOUMOTIGREIOM TRIREUTS 20.0.0... ccccccecccccccccccccccccsccccesescosses 19 13 
3 : 4x-Dimethylcholest-2-ene  .............ceccccccccccccscccccecescs 42 31 


% of 3: 4-dimethylcholest-3-ene (calc.) «2... .sseeeeeeeeeeeeeees 67 67 

Repeated crystallisation of the isomerisation mixture from acetone gave pure 3 : 4-dimethyl- 
cholest-3-ene, m. p. 103—105° undepressed on admixture with an authentic sample. 

Isomerisation of 3 : 4-Dimethylcholest-3-ene (XVIII) and 3 : 4a-Dimethylcholest-2-ene (XIX).— 
These were isomerised by treatment for 11 days at 20° with the same reagents as were used with 
4x-methyl-3-methylenecholestane. In both cases the isomerisation product, as indicated by 
ultraviolet and infrared absorption analysis, was identical with that from 4«-methyl-3-methyl- 
enecholestane. 

Isomerisation of 3 : 48-Dimethylcholest-2-ene (XXI).—The crude 3 : 48-dimethylcholest-2-ene 
(26 mg.), prepared from 38 : 48-dimethylcholestan-3a-ol, was dissolved in acetic acid (10 c.c.) 
and benzene (5 c.c.) and concentrated sulphuric acid (1 c.c.) was added. The mixture was 
kept at 20° for 7 days and shaken occasionally. Dilution with water and extraction with 
ether gave a product identical with that described above. Isomerisation of 3: 4a-dimethyl- 
cholest-2-ene under these conditions gave the same product. 

Preparation of Nor-8-boswellenone (3-Oxo-24-norurs-12-ene) (XXVII).—Using Simpson and 
Williams’s 1* method (oxidation with chromic acid in acetic acid at 20°) we obtained the yield 
they record and the nor-8-boswellenone contained up to 2% of the corresponding 9(11)-dehydro- 
derivative [3-oxo-24-norursa-9(11) : 12-diene.] Treatment of 8-boswellic acid, containing 
some dehydro-derivative as impurity, with chromic acid in acetone containing a little sulphuric 
acid gave a poor yield and the diene system persisted. The modification of Simpson and 
Williams’s method described below gave nor-$-boswellenone containing only 0-5—0-6% of the 
corresponding 9(11) : 12-diene and this material was used for the experiments described (unless 
otherwise stated). 

8-Boswellic acid [containing 23% of the corresponding 9(11) : 12-diene] (13 g.) in acetic 
acid (500 c.c.) and chromic acid (4 g.) in water (10 c.c.) and acetic acid (100 c.c.) were kept at 
0° for4hr. After the addition of an excess of sodium sulphate solution the mixture was heated 
on a steam-bath for 6 hr. Dilution with water followed by extraction with ether yielded a 
crystalline product (10 g.). This showed maximum light absorption at 2530 A (ec = 2650) 
indicating the presence of ca. 22% of 3 : 11-dioxo-24-norurs-12-ene. The product was adsorbed 
from benzene on alumina (500 g.). Elution with benzene (1200 c.c.) gave a fraction (4-25 g.) 
which crystallised from chloroform—methanol to give nor-f-boswellenone as plates, m. p. 
194—196°, [x], +120° (c, 0-62). The light-absorption intensity at 2810 A (e« = 60) indicates 
the presence of 0-5—0-6% of 3-oxo-24-norursa-9(11) : 12-diene. 


18 Simpson and Williams, /., 1938, 686, 1712. 
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Heating of nor-$-boswellenone (1-41 g.) in benzene (30 c.c.) with 10% ethanolic potassium 
hydroxide (100 c.c.) under reflux for 6 hr. did not cause isomerisation. 

Treatment of Nor-B-boswellenone with Methylmagnesium Iodide.—Nor-f-boswellenone (1-7 g.) 
in ether (100 c.c.) and methylmagnesium iodide (from 1 g. of magnesium) in ether (50 c.c.) were 
kept at 20° overnight. After careful addition of sulphuric acid (3N), the ethereal solution was 
worked up to give a product which was adsorbed from light petroleum on alumina (100 g.). 
After elution with light petroleum (300 c.c.), elution with benzene (600 c.c.) and ether (300 c.c.) 
afforded a fraction (1-42 g.) which from chloroform—methanol gave 38-methyl-24-norurs-12-en- 
3a-ol (XXIX) as plates, m. p. 85—88°, [a]p +95° (c 0-83) (Found: C, 84-25; H, 11-75. 
C39H;,O requires C, 84-45; H, 11-8%). Further elution with 5% methanol in ether (300 c.c.) 
afforded 3a-methyl-24-norurs-12-en-38-ol (XXX) (340 mg.) as needles (from aqueous methanol), 
m. p. 191—192°, [«]p +107° (c, 0-67) (Found: C, 83-15, 83-2; H, 11-55, 11-65. 
C39H590,4MeOH requires C, 83-05; H, 11:5%). This compound could not be obtained 
crystalline without solvent of crystallisation; hence it was characterised as its acetoacetate. 
The alcohol (97 mg.) in chloroform (10 c.c.) was refluxed with diketen (0-2 c.c.) and triethyl- 
amine (2 drops) for 14 hr. After removal of the solvent under reduced pressure, the product 
was percolated through alumina (50 g.; deactivated with 1-5 c.c. of 10% acetic acid) with 
benzene (200 c.c.). Crystallisation from aqueous methanol then gave 3a-methyl-24-norurs-12- 
en-3f-yl acetoacetate as needles, m. p. 145—147°, [«]p + 106° (c, 1-3) (Found: C, 80-2; H, 10-75. 
C3,H,,O; requires C, 79-95; H, 10-65%). It gave a red colour with alcoholic ferric chloride. 

3-Methyl-24-norursa-3 : 12-diene (XX XI).—38-Methyl-24-norurs-12-en-3«-ol (600 mg.) in 
pyridine (50 c.c.) was heated under reflux with phosphoryl chloride (3 c.c.) for 40 min. After 
careful dilution with water extraction with ether gave a product (550 mg.) which was percolated 
through alumina (50 g.) with light petroleum (300 c.c.). Crystallisation from chloroform— 
methanol then gave 3-methyl-24-norursa-3 : 12-diene as plates (500 mg.), m. p. 129—131°, [a]p 
+123° (c, 0-86) (Found: C, 88-0; H, 12-05. Cj 9H,, requires C, 88-15; H, 11-85%). Com- 
parison of the infrared spectrum with that of the starting material indicated that the double 
bond formed on dehydration was neither trisubstituted nor present in a vinylidene group. 

3-Methylene-24-norurs-12-ene (XXXIII).—3a-Methyl-24-norurs-12-en-38-ol (255 mg.) in 
pyridine (20 c.c.) was heated under reflux with phosphoryl chloride (2 c.c.) for 1 hr. After 
careful addition of water extraction with ether gave a solid which was percolated through 
alumina (50 g.) with light petroleum (300 c.c.). Crystallisation of the product (200 mg.) from 
chloroform—methanol gave 3-methylene-24-norurs-12-ene as plates, m. p. 150—151°, [«]p + 109° 
(c, 0-54) (Found: C, 88-35; H, 12-0. C3 9H,y, requires C, 88-15; H, 11-85%). Infrared 
absorption : bands at 1640 and 886 cm.-! 

Treatment of 38-Methyl-24-norurs-12-en-3a-ol (XK XIX) with Thionyl Chloride in Benzene.— 
38-Methyl-24-norurs-12-en-3«-ol (450 mg.) in benzene (100 c.c.) was heated under reflux with 
thionyl chloride (5 c.c.) for 3 hr. Sodium carbonate solution was then added and the product 
isolated in the usual manner. It was percolated through alumina (100 g.) in light petroleum 
(300 c.c.) to give a resin (350 mg.) which after several crystallisations from chloroform—methanol 
afforded rhombs, m. p. 147—149°, of 3-methyl-24-norursa-2 : 12-diene contaminated with a 
small amount of a chlorine-containing impurity (Beilstein test). The low carbon and hydrogen 
analyses indicated the presence of about 1% of chlorine. The m. p. of a mixture with a pure 
sample of the diene was the same as that of the rhombs. To eliminate the impurity the crude 
product was heated with sodium isopropoxide in isopropanol for several hours. In a typical 
experiment, with halogen-free reagents, the crude product was found to contain ca. 2% of chlorine, 
estimated as silver chloride, and gave 3-methyl-24-norursa-2 : 12-diene (XXXII) as rhombs 
(from chloroform—methanol), m. p. 145—148°, [a]p + 135° (c, 0-64) (Found: C, 88-1; H, 11-65. 
CyoHyg requires C, 88-15; H, 11-85%). The infrared spectrum had a band at 813 cm." of 
medium intensity not shown by 3-methylene-24-norurs-12-ene or 3-methyl-24-norursa-3 : 12- 
diene. 

Ulivaviolet Absorption Spectra of 3-Methyl-24-norursa-2:12- and -3:12-dienes and of 3- 
Methylene-24-norurs-12-ene.—The spectra were determined on the ‘‘ Unicam S.P. 500 ’”’ spectro- 
photometer already referred to. 

Reaction of 3-Methyl-24-norursa-2 : 12-diene (XXXII) with Osmium Tetroxide—The diene 
(480 mg.) and osmium tetroxide (500 mg.) in ether (30 c.c.) were kept at 20° for 4 days. The 
residue obtained by evaporation of the solvent was heated under reflux with alcohol (100 c.c.), 
sodium sulphite, and water (50 c.c.) for 3 hr. Extraction with benzene afforded a product 
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which was adsorbed from benzene on alumina (50 g.). Elution with benzene (200 c.c.) gave a 
resin (250 mg.); elution with ether—-methanol (200 c.c.; 9: 1) then gave another resin (260 mg.) 
which was presumably a mixture of 2a: 3«-dihydroxy- and 28 : 36-dihydroxy-3-methyl-24- 
norurs-12-ene. The resin (260 mg.) in acetone (100 c.c.) and chromium trioxide in dilute 


Intensity (e) of absorption at 


Compound 2100A 2150A 2200 2250 A 
@ 3-Methyl-24-norursa-2 : 12-dieme ...........seeeeeeeeeees 6200 2700 700 200 
b 3-Methyl-24-norursa-3 : 12-diene ...............e.eeeeeeee 6700 3450 1500 750 
c 3-Methylene-24-norurs-12-ene ..............ccseeeeeeeeceees 5000 1900 760 450 
B CUBED ovecccccscecccccsccccesnccsecesessccccscoscesvessccees 3000 1400 300 100 
Calculated values for : 
OD) dn cocicececiccondsreccsesnceteevssctsecsenntseisiecsesene 3200 1300 400 100 
Ba sceatessednnstinschnivesequacanannedinetetoveannnnessuansd 3600 2050 1200 650 
PME aapiannsvinartaiiiengutwinanuctionaintitionnnetiee 2000 500 460 350 


sulphuric acid (0-5 c.c.; 8N) were kept for 5 min. Excess of ethanol was added and the product 
was isolated and adsorbed from benzene on alumina (50g.). After elution of a number of small 
fractions (65 mg. total wt.) with benzene and benzene-ether (9: 1) elution with acetic acid— 
methanol (100 c.c.; 1:1) gave a crystalline product (110 mg.) which was methylated (ethereal 
diazomethane). Purification of the product by chromatography and crystallisation from 
methanol afforded methyl 3-methyl-3-0x0-24-nor-2 : 3-secours-12-en-2l-oate as needles, m. p. 
108—110°, [a]p +118° (c, 0-4) (Found : C, 77-6; H, 10-7. C3,;H; 903,4MeOH requires C, 77-75; 
H, 10-75%). Infrared absorption : bands at 1712 (ketone) and 1737 (ester) cm.~?. 

Treatment of 3-Methyl-24-norursa-3 : 12-diene (XX XI) in Benzene with Ethanolic Sulphuric 
Acid at 20°.—3-Methyl-24-norursa-3 : 12-diene (260 mg.) in benzene (50 c.c.) and ethanol (100 
c.c.) was kept with sulphuric acid (20 c.c.) (added dropwise with cooling) at 20° for 48 hr. 
Dilution with water and extraction with benzene yielded a resin (260 mg.) which was examined 
spectroscopically. Attempts to calculate the amount of the A**‘12-diene from the intensity of 
infrared and ultraviolet absorption were made difficult by the presence of the trisubstituted 
C12y-Cia3) double bond. The intensity of absorption at 813 cm.-* compared with that of the 
pure A?:1%. and A%:48-diene indicated that the amount of 3-methyl-24-norursa-2 : 12-diene 
present was ca. 50%. Crystallisation of the resin (225 mg.) from chloroform—methanol gave 
3-methyl-24-norursa-2 : 12-diene as rhombs (83 mg.; 37%), m. p. 147—149° after recrystal- 
lisation, undepressed on admixture with an authentic sample, [a]p + 130° (c, 1-54). 

In a second experiment with 450 mg. of 3-methyl-24-norursa-3 : 12-diene, chromatography 
and two crystallisations gave the 2: 12-diene as rhombs (144 mg.), m. p. 147—149° after 
further crystallisations, [a]p +131° (c, 1-8). Crystallisation of the residues from the mother 
liquors afforded starting material, m. p. 128—130°, [a]p + 123° (c, 0-35). 

Treatment of B-Amyrin and Lupanol with Thionyl Chloride—(a) B-Amyrin (750 mg.) in 
benzene (100 c.c.) was heated under reflux with thionyl chloride (5 c.c.) for 3 hr. After the 
benzene solution had been washed with water the product was isolated and adsorbed from 
light petroleum on alumina (100 g.). Elution with light petroleum (300 c.c.) gave a fraction 
(550 mg.) which was crystallised from acetone and ethyl acetate—-methanol to give oleana-2 : 12- 
diene (8-amyrilene-II) as needles, m. p. and mixed m. p. 147—149°, [a]p + 145° (c, 0-5). 

(b) Lupanol (890 mg.), treated similarly, gave lup-2-ene as plates, m. p. and mixed m. p. 
189—191°, [a]p +13-5° (c, 0-95). 

Treatment of Cholestanone with Methylmagnesium Iodide.—Cholestanone (1-0 g.) in ether 
(50 c.c.) and methylmagnesium iodide (prepared from 0-5 g. of magnesium) in ether were kept 
overnight at 20°. Addition of water and extraction with ether gave a resin (1-0 g.) which was 
adsorbed from light petroleum on alumina (100 g.). Elution with ether (800 c.c.) gave a fraction 
(510 mg.) which was crystallised from aqueous methanol to give 36-methylcholestan-3a-ol as 
needles, m. p. 128-5—129°, [a]p + 26° (c, 1-15) (Found: C, 83-65; H, 12-6. Calc. for C,,H;,0: 
C, 83-5; H, 12.5%). Elution with methanol-ether (1:19) yielded a fraction (380 mg.) which, 
when crystallised from aqueous acetone, gave 3a-methylcholestan-3-ol as plates, m. p. 148— 
150°, [a]p +38° (c, 0-6) (Found: C, 83-0; H, 12-3%). 

Dehydration of 38-Methylcholestan-3a-ol with Phosphoryl Chloride in Pyridine —The alcohol 
(370 mg.) in pyridine (15 c.c.) was heated under reflux with phosphoryl chloride (2 c.c.) for 
l hr. Dilution with water and extraction with ether afforded a product (280 mg.) which was 
crystallised from methanol, giving 3-methylcholest-2(or 3)-ene as rhombs, m. p. 83—84°, [«]p 
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+65° (c, 1-5) (Found: C, 87-5; H, 12-35. Calc. for C,,H,,: C, 87-4; H, 126%). Kuwada 
and Miyasaka give m. p. 84° for a 3-methylcholestene. Infrared absorption : band at 791 cm."?. 

Dehydration of 3«-Methylcholestan-38-ol with Phosphoryl Chloride in Pyridine.—The alcohol 
(200 mg.) in pyridine (10 c.c.) was heated under reflux with phosphoryl chloride (2 c.c.) for } hr. 
Dilution with water and extraction with ether afforded a product (150 mg.) which was passed 
through alumina in light petroleum and then crystallised from methanol. The resulting plates, 
m. p. 62—63° with some crystals melting at 72°, [«]p + 53° (c, 1-26), were probably a mixture 
of 3-methylenecholestane and 3-methylcholest-2(or 3)-ene since their infrared spectrum had 
bands at 887 and 791 cm.!, characteristic of a vinylidene grouping and a trisubstituted double 
bond, respectively. 

Preparation of 3-Oxolup-20-ene-2-spiro-2’-(1’ : 3’-dithian)—Lupenone (580 mg.) in ether 
(15 c.c.) was treated with sodium methoxide (from 1 g. of sodium) in ethyl formate (20 c.c.). 
The mixture was kept for 6 days at 20° and occasionally shaken. After addition of phosphate 
buffer solution (pH = 7-5), extraction of the mixture with ether afforded a solid which was 
crystallised from chloroform—methanol to give 2-hydroxymethylenelup-20-en-3-one (460 mg.), 
m. p. 220—225°. The hydroxymethylene derivative, trimethylene ditoluene-p-thiosulphonate 
(400 mg.), and potassium acetate (1 g.) in ethanol (50 c.c.) were heated under reflux for 12 hr. 
in an atmosphere of carbon dioxide. After removal of the solvent and addition of water, 
extraction with benzene afforded a product which was adsorbed from benzene on alumina 
(20 g.; activity II). Elution with benzene (250 c.c.) afforded a fraction which was crystallised 
from chloroform-methanol, giving 3-oxolup-20-ene-2-spiro-2’-(1’ : 3’-dithian) as rhombs (315 
mg.), m. p. 257—258-5°, [a]p —14-4° (c, 5-53)-(Found : C, 74-55; H, 10-35; S, 11-7. C,3;H,;,OS, 
requires C, 74-6; H, 10-2; S, 121%). Infrared absorption: band at 1688 cm.-1. The 
intensity of the band was less than that usually found for a cyclohexanone. 


The authors are indebted to Professor R. B. Woodward for advance details of his method for 
protecting C,,, of cholestanone. Two of them (J.L. B. and P.C. P.) thank the Department 
of Scientific and Industrial Research for maintenance grants. Thanks are also offered to Mr. 
E. S. Morton and Mr. H. Swift for the microanalyses. The infrared spectra were determined 
under the supervision of Dr. G. D. Meakins. 
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146. Fading and Tendering Activity in Anthraquinonoid Vat Dyes. 
Part I. Electronic Absorption Spectra of Dye Solutions. 
By J. J. Moran and H. I. STONEHILL. 


The absorption spectra of 39 anthraquinonoid vat dyes and related 
quinones have been determined in ethanol solution (ultraviolet and visible 
spectra) and in chlorobenzene (visible spectra); the visible spectra of the 
corresponding /euco-derivatives in aqueous solution have also been measured. 
The spectra of most of the compounds are interpreted in terms of the quasi- 
classical Lewis—Calvin model, together with the electromeric properties of 
substituent groups and additional fused rings. The two bands exhibited by 
most of the /euco-derivatives are regarded as derived from the x and y bands 
of the corresponding quinones by considerable bathochromic displacement 
due to the ionic charges on the phenolic oxygen atoms. For most of the dyes 
the ethanol spectra are displaced bathochromically from the chlorobenzene 
spectra, indicating some dye-ethanol association. Although there is 
no simple relation between spectra and fading—tendering activity, weak 
absorption bands, attributed to singlet—triplet transitions, are exhibited by 
most active, but not by any inactive, dyes. Many of the dyes exhibit marked 
fluorescence, which may be related to photo-activity, and which is shown to 
cause deviations from Beer’s and Lambert’s laws. 


Ir is well known that certain vat dyes, mainly anthraquinonoid yellow, orange, red, and 
some brown, but rarely blue, violet, or green dyes, when exposed to light as dyeings on 
cellulose substrates, are active in the sense of themselves fading, or causing preferential 
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fading of an accompanying inactive dye, or causing accelerated tendering (oxidative 
degradation) of the substrate in the presence of air, strong alkali, sodium hypochlorite, 
hydrogen peroxide, or alkaline reductants which convert the dyes into the /euco-form; the 
leuco-dyes also cause tendering in the dark during re-oxidation. Previous work has been 
adequately reviewed.1* The present work is an attempt to resolve the part played by 
light absorption by the dye in the fading and tendering processes. In this paper are 
reported the ultraviolet and visible absorption spectra of solutions of several active and 
inactive anthraquinonoid vat dyes and related compounds, and the visible spectra of their 
leuco-derivatives. Approximate absorption and reflectance spectra for some active dyes 
have been given by Landolt,‘ and visible and ultraviolet absorption spectra of amino- 
and acylamino-anthraquinones have been discussed by Peters and Sumner.® 

Apart from the observations that dyes containing a pyridine ring ® or an NH-containing 
ring 78 are usually inactive, and that activity increases with decrease in basicity,’ there 
appears to be little relation between molecular structure and activity for vat dyes. In 
fact, other types of dye,® 1° and even ferrous hydroxide," zinc oxide and sulphide, and 
titania 1° exhibit tendering activity. Scholefield and Turner ? quote Preston’s observation 
that only the active vat dyes absorb in the 3600—4000A region. Luszczak and 
Zukriegel }* attempted to correlate the light fastness (L) (arbitrary scale, range 0O—14) of 
dyes with the wavelength (a, in A) of the ultraviolet absorption maximum, by means of 
the empirical equation L = 14 — 10800/(4000 — 2). This is unsatisfactory for vat dyes 
since, apart from omitting consideration of visible-light absorption, it predicts large 
changes in L for small changes in 4 when the latter is near 4000 A, contrary to fact. 
Lanigan ™ has shown that visible light will convert cellulose into oxycellulose in the 
presence of dye and oxygen, although in the absence of dye ultraviolet light is required; in 
the absence of both dye and oxygen, ultraviolet light degrades cellulose to a form capable 
of subsequent reaction with oxygen } in the dark. 


EXPERIMENTAL AND RESULTS 


Purification of Dyes.—Samples were received as batch pastes or fine powders containing 
unspecified dispersing agents and diluents. After preliminary steam distillation in alkaline 
suspension for some specimens, the filtered paste or powder was dissolved in the minimum 
quantity of concentrated sulphuric acid, and the solution diluted slowly with water, whilst being 
well cooled to avoid hydrolysis of acylamino- or other groups, until the original dye colour was 
just perceptible. On vigorous stirring of the solution, the dye was completely reprecipitated. 
The finely-divided precipitate was filtered off, washed free from acid with water, rinsed with 
acetone, and dried im vacuo at 60°. The product was recrystallised from a saturated solution in 
chlorobenzene obtained by continuous Soxhlet extraction; periodically, as extraction became 
too slow because of removal of the finer particles, the dye in the extraction thimble was removed, 
dried, finely ground, and replaced for further extraction. The recrystallised product was 
filtered off and dried in an air current at ca. 40°. The progress of purification was checked by 
absorption spectroscopic and microscopic examination at each stage; only for Caledon Gold 
Orange G and Indanthren Brilliant Orange 4RN did recrystallisation markedly affect the 
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absorption spectra. Active dyes, if dried in contact with filter paper, or extracted in cellulose 
Soxhlet thimbles, underwent decomposition and disintegrated the cellulose; this was avoided 
by using sintered-glass apparatus. 


Fic. 2. Cibanone Ovange R in ethanol: A, 











Fic. 1. Cibanone Golden Yellow GK in ethanol 4-4 x 10m; B, 1-4 x 10-°m (double optical- 
A, 18 x 10-'m; B, 3-6 x 10-5. density scale values). 
B 
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Fic. 3. Cibanone Golden Yellow RK in chlorobenzene : 


A, 2-6 x 10m; B, 1-3 x 10-*m; °C, 5:2 x 10m-5. 0-8 
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Fic. 4. leuco-Caledon Yellow 4G 
in water: A, 1-9 x 10m; B, 
3-8 x 10-'m. 
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Other Materials—Anthraquinone (commercial) was resublimed. Aminoanthraquinones 
were obtained by hydrolysing the corresponding benzoylated dyes with boiling 70% sulphuric 
acid for 1—2 hr., and were recrystallised from ethanol. Absolute ethanol and chlorobenzene 
were redistilled. 

Dye Solutions.—For ultraviolet spectra, approx. 10-'m-solutions in ethanol, and, for visible 
spectra, approx. 3 x 10-‘m-solutions in ethanol and in chlorobenzene were prepared by dilution 
of saturated solutions obtained by refluxing excess of pure Gye with 100 ml. of solvent after 
rejection of two previous 50-ml. extracts; the concentration of the final filtered extract was 
determined by weighing the residue left on evaporating 50 ml. to dryness. Jeuco-Dye solutions 
(approx. 2 x 10m) were prepared by treating known weights of dyes with 1% sodium 
dithionite solution in 0-05N-aqueous sodium hydroxide. 

Absorption Spectra——Readings were taken at intervals of 25 A (5 A near peaks) with the 
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Hilger Uvispek spectrophotometer at room temperature (ca. 18°). Wavelength-drum readings 
were checked against the hydrogen emission spectrum and the absorption spectra of benzene and a 
standard didymium glass filter. The optical density scale was checked !* against the molar 
extinctions of potassium nitrate at 3020 A and potassium chromate at 3730 and 2725 A. 

Results—Table 1 gives the wavelengths 4 (my) and molar extinction coefficients ¢ of the 
chief absorption maxima of 39 dyes and related compounds in ethanol (ultraviolet and visible 
regions) and of their /euco-derivatives in water (visible region). Visible spectra of the dyes in 
chlorobenzene were also determined, in order to detect solvent effects, e.g., solvent-solute 
association in ethanol. 

Concentrations are specified in addition to log ¢« values, since in many cases the spectra 
exhibit anomalous variations in appearance with rise of concentration. Two main types of 
concentration effect may be distinguished. First, there is occasional solute dimerisation or 
association, which gives new absorption peaks and a change of colour at high concentrations, as 
e.g. with Cibanone Brilliant Orange GK and RK in ethanol. Secondly, and far more generally 
for the compounds investigated, absorption at certain wavelengths is followed by fluorescence 
emission at longer wavelengths; by using a spectrophotometer such as the Hilger Uvispek, in 
which there is no monochromatisation after absorption, this leads to spuriously low ¢ values and 
departures from Beer’s and Lambert’s laws at the absorption wavelengths concerned.1? The 
overall result of this fluorescence effect is to cause changes in the relative heights of different 
absorption peaks, but not usually in their wavelengths, with variation in concentration. Some 
examples in Figs. 1—4 show that the effect is exhibited in both the visible and the ultraviolet 
regions, in various solvents, and by unreduced and reduced dyes. For /euco-Caledon Yellow 
5GK, in the concentration range 4-4—0-55 x 10-‘M, the intensity of the 550 my peak obeyed 
Beer’s law approximately, but the intensity of the 422 my peak decreased slowly at first upon 
dilution, and then far more rapidly. This behaviour occurred in aqueous ethanol over the 
range 0—70% ethanol, and is thus unlikely to be due to a solvent effect. The failure of Beer’s 
law for the shorter wavelength band was found to be general for the leuco-derivatives. 


DISCUSSION 


Anthraquinone.—This is a natural reference standard for the anthraquinonoid dyes. 
The present spectra in ethanol agree well with earlier work,}* 1% despite variations in 
apparatus and solvent; however, because of the fluorescence effect, « for the peaks at 
262, 272-5, and 325-5 my grows far more rapidly with increasing concentration than for 
the 246 and 252-5 mu peaks. Morton and Earlham }® ascribed the 246, 252-5, and 
325-5 my bands to the partial chromophore (I), and the weaker bands at 263, 272-5, and 
405 my to the quinonoid chromophore (II). We prefer, following the views of Lewis and 
Calvin,”® to associate the 325-5 and 252-5 my bands with absorption in which the electric 
vector of the light oscillates along the x (long) and y (short) axes of the molecule, respec- 
tively, while subsidiary peaks at 246, 263, and 272-5 my are ascribed to the vibrational 
structure of these two bands; the 272-5 my band might, however, be due to a weak 
quinonoid chromophore. The 405 my band, which is responsible for the pale yellow colour 
of anthraquinone, has a low intensity, which leads us to assign it to a singlet- 
triplet transition, probably within a carbonyl group. 

Anthracene exhibits bands at 253 and 375 my. Jones 2! found that electron-donating 
Cy)-substituents shifted the 253 my band bathochromically, owing to participation of struc- 
ture (A), but only slightly shifted the 375 my band hypsochromically. He thus assigned the 
longer-wavelength band to an oscillation polarised along the shorter (y) molecular axis, 
contrary to the Lewis—Calvin view.2® This assignment was also obtained by Coulson 4 

16 Lothian, “‘ Absorption Spectrophotometry,” Hilger and Watts, London, 1949, p. 176. 

17 Braude, Fawcett, and Timmons, J., 1950, 1019. 


18 Morton and Earlham, J., 1941, 157. 
wll Friedel and Orchin, ‘‘ Ultraviolet Spectra of Aromatic Compounds,” Chapman and Hall, London, 
20 Lewis and Calvin, Chem. Rev., 1939, 25, 273. 
21 Jones, ibid., 1947, 41, 353. 
#2 (a) Coulson, Proc. Phys. Soc., 1948, A, 60, 257; (b) Baldock, ibid., 1950, A, 68, 585; (c) Craig 
and Hobbins, /J., 1955, 539, 2309. 
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from L.C.A.O. molecular-orbital calculations, and despite the contrary view of Baldock,” 
was conclusively confirmed by the work of Craig and Hobbins 2% on the polarised spectrum 
of anthracene crystals. Now Peters and Sumner ® find that electron-donating Cy,)- 
substituents in anthraquinone shift the 325-5 my band bathochromically and the 252-5 mu 
band hypsochromically, owing to participation of structure (B). By Jones’s reasoning, this 
supports our assignment of these bands. Further, the introduction into anthracene of the 
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two anthraquinonoid carbonyl groups, with opposed electron-attracting tendencies, 
should greatly hinder oscillations in the y direction, but facilitate those in the x direction, 
owing to participation of structure (C). Thus, the x and y band wavelengths should be much 
greater and smaller, respectively, for anthraquinone than for anthracene, as we have 
assumed. a 

Amino- and Acylamino-anthraquinones.—Our results for 1-aminoanthraquinone, which 
agree reasonably with those of Peters and Sumner, may be interpreted in terms of 
considerable resonance contribution from dipolar structure (III) which is supported by 
infrared spectral evidence of weakened C=O bond strength ** and other evidence of 
hydrogen bonding.’ Participation of structure (III) lowers the excitation energy in the 
x direction, causing a bathochromic shift of the x band from 325-5 my. for anthraquinone to 
visible wavelengths 478 and 497 my responsible for the red colour of the l-amino-derivative. 
The y band is shifted hypsochromically from 252-5 to 234 mu, in accordance with Burawoy’s 
rules,“ since the amino-group is only in a side chain with respect to the quinonoid ring 
absorption system concerned. The weaker 276-5 my band may correspond to the anthra- 
quinone 272-5 my peak, or may be due to absorption across the amino-substituted ring. 
The inflection at 406 my corresponds to the anthraquinone 405 my peak. The spectrum 
of 1: 4-diaminoanthraquinone may be similarly interpreted in terms of an important 
contribution from structure (IV), which contains a new quinonoid ring. The second 
amino-group has only a slight bathochromic effect on the y peak, which shifts from 234 
to 249 muy, although its intensity is decreased by participation of structure (IV). The 
x band, however, undergoes a large bathochromic shift (497 to 551 and 592-5 mu) compar- 
able with that due to the first substituent group, and caused by the increased mobility and 
density of the conjugation-electron system. Further, the x band splits into two equally 
intense peaks, the equality persisting on dilution. This effect, observed with several 1 : 4- 
disubstituted anthraquinones,”* and associated with the new quinonoid ring in structure 
(IV), suggests the possibility of excitation to a new orbital with a node cutting the x axis; 
it is of interest in view of the known effect of 1 : 4-dibenzamido-substitution in decreasing 
fading and tendering activity. 

The striking spectral similarity of 1 : 5-diaminoanthraquinone and 1l-aminoanthra- 
quinone is explained by the structural similarity of the compounds and the impossibility of 

*3 Flett, J., 1948, 1441. 


*% Burawoy, J., 1939, 1177. 
25 Wilson and Frame, ]. Org. Chem., 1942, 7, 169. 
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conjugation between the I- and the 5-amino-group. The spectrum of 1 : 4: 5-triamino- 
anthraquinone is practically the mean of those of the 1 : 4- and the 1 : 5-diamino-compound, 
indicating lack of interaction between the 4- and the 5-substituent. 

In Algol Yellow WG (l-benzamidoanthraquinone), the benzoyl group reduces the 
electron-repellency of the amino-group and lessens the electron mobility required for 
resonance involving structure (III). Consequently the x transition becomes of higher 
energy and lower probability; the resulting lightening of colour is a well-known effect of 
acylation in dye chemistry. By contrast, the ultraviolet spectrum is very similar to that 
of l-aminoanthraquinone. The spectra of Caledon Red 5G, Caledon Yellow 3G 
(= Cibanone Yellow GK), and Caledon Red X5BS (1: 4di-, 1: 5-di-, and 1: 4: 5-tri- 
benzamidoanthraquinone, respectively) may be similarly correlated with those of the 
corresponding unbenzoylated analogues. In Caledon Yellow 5GK (Va), the terephthaloyl 
group acts as a “ chromophore insulator,” 5 preventing direct conjugation of the two 
anthraquinone groups. The spectruin is thus like that of Algol Yellow WG, apart from 
additional complexity in the ultraviolet region, mainly due to a band at 251 mu, tentatively 
ascribed to a benzenoid transition in the terephthaloyl group. The same band appears in 
the spectrum of Caledon Yellow 4G (Vb), which is otherwise similar to that of Caledon 
Yellow 3G. 

A characteristic fearure of this group of compounds is the weak band near 400 my. 
This is probably due to a singlet-triplet transition, and since its wavelength alters little 
on substitution, it is assumed to occur along the y axis, probably in the quinone ring. 
A similar band at 435 my occurs in the spectrum of #-benzoquinone.?’ 
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The visible spectra of this group of compounds in chlorobenzene exhibit a general 
hypsochromic shift as compared with the spectra in ethanol, indicating some solute— 
ethanol association. 

The Jeuco-derivatives in alkaline solution generally exhibit two bands in the visible 
region, which in several cases investigated 27-28 are polarised in mutually perpendicular 
planes; when adsorbed on highly oriented Fortisan fibre, /euwco-benzamidoanthraquinones 
are strongly dichroic in the visible region.2”_ The suggestion is thus too strong to be 
ignored, that the two bands of the /euco-derivatives are essentially the x and y bands of the 
unreduced compounds, both displaced bathochromically owing to the lowering of transition 
energies caused by the presence of the ionic charges on the phenolic oxygen atoms; the 
y band suffers the greater shift, from the ultraviolet to the visible region, since the ionic 
charges greatly increase electron mobility in the y direction, but cause only smaller effects 
in the x direction. A similar bathochromic shift of the benzenoid band in various phenols 
and quinols causes the well-known colour deepening on ionisation. This interpretation 
of the visible spectra of leuco-compounds is supported by measurements, made by Mr. C. J. 
Cooper in this laboratory, of the ultraviolet spectra of /euco-solutions of anthraquinone and 
Caledon Red 5GS. The ultraviolet y bands of the unreduced compounds disappear on 

*¢ Lewis, Lipkin, and Magel, J. Amer. Chem. Soc., 1941, 68, 3005; Lewis and Kasha, ibid, 1944, 66, 
2100; 1945, 67, 994; Lewis and Calvin, ibid., p. 1232; Kasha, Chem. Rev., 1947, 41, 401. 


27 Waters, J. Soc. Dyers and Col., 1950, 66, 544. 
28 Waters, Sumner, and Vickerstaff, ibid., 1953, 69, 181. 
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reduction, and new bands appear at 270 my (anthraquinol) and 274 and 325 my (leuco- 
Caledon Red 5GS), which are probably bathochromically displaced from the vacuum 
ultraviolet region (A <200 my). 

Carbazole Dyes.—The spectra of these compounds in ethanol strongly resemble those of 
analogues in the previous group. Thus, Indanthren Yellow FFRK (VIa) is comparable 
with anthraquinone. This suggests that the electromeric effect of the imino-group and its 
hydrogen-bonding to carbonyl groups are inhibited by the 5-membered carbazole ring, 
which also apparently insulates the two anthraquinone groups against mutual conjugation. 
The yellow colour of this dye is due to the weak 408 my band, which, like the 405 my band 
of anthraquinone, is ascribed to a singlet-triplet transition. The 237 my band may be due 
to absorption in the carbazole ring or, less probably, a slight 1-aminoanthraquinone 
character of the molecule. 
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(V): a}; R=H b; R = NHBz 


(VI): a3 R=R’=H 


b; R=H, R’=NH, 
¢; R=NH,, R=H 
d; R=H, R’=NHBz 
e; R=NHBz, R’=H 





The hydrolysates (VIb and c) of Caledon Olive 1R and Caledon Gold Orange 3G have 
spectra resembling those of 1 : 4- and 1 : 5-diaminoanthraquinone respectively, peak wave- 
lengths agreeing to within about 5 my. Thus the ring nitrogen atom has a more 
pronounced amino-character here. The corresponding benzoylated dyes Caledon Olive 1R 
(VId) and Caledon Gold Orange 3G (VIe) have similar ultraviolet spectra which differ very 
little from those of their hydrolysates, apart from slightly lower intensity ; thus there is little 
resemblance to the ultraviolet spectra of l-mono-, or 1 : 4- or 1 :5-di-benzamidoanthraquinones. 
The 230 my. band is assigned to absorption across a quinonoid ring, as in Algol Yellow WG, 
and the 250 my band to a benzenoid transition in a benzoyl group. In the visible region, 
both dyes exhibit the expected strong hypsochromic effect of benzoylation, and the relation 
between their respective peak absorption wavelengths resembles that for 1 : 4- and 1 : 5- 
dibenzamidoanthraquinone. Both dyes have a weak band in the 420 my region. In 
Cibanone Yellow 3R (VII), the effect of the increased lateral extension of the molecule on 
the x band is offset by the insulating effect of the carbazole groups, resulting in only a 
slight bathochromic shift in the visible (x) bands as compared with Indanthren Yellow 
FFRK. In the ultraviolet region, the resemblance to the hydrolysate of Caledon Gold 
Orange 3G indicates some 1 : 5-diaminoanthraquinone character. 

For this group of compounds, solvent effects and the relation of spectra of 
leuco-compounds to those of dyes are similar to those for the (acyl)aminoanthraquinone 
group. 

Triazine Dyes.—In Cibanone Yellow 2GR (VIIIa), Red G (VIIIb), and Red 4B (VIIIc), 
the iminoanthraquinone groups are in m-positions in the triazine ring and thus cannot be 
conjugated through this ring. Any differences in their ultraviolet y bands must therefore 
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be due to variation in the triazine ring absorption caused by the substituent R. Al) three 
dyes exhibit anthraquinonoid bands in the 240—260 my region, and a band in the 300— 
320 mp region for which Agax, and hence electron mobility increases with decrease in 
electronegativity of R, and which is thus due to triazine ring absorption. This 
progressively enhanced electron mobility affects the electron repellency of the imino- 
nitrogen atoms and consequently causes an even greater progressive bathochromic shift of 
the visible x band. These dyes do not exhibit a weak absorption band, nor is there any 
appreciable solvent effect. The relation of the spectra of the /ewco-dyes to those of the dyes 
themselves is similar to that of the preceding two groups. Visual examination reveals a 
strong fluorescence emission, which must affect the measurements considerably. 


(VIII): aj; R=CI b; R=NH, 
ec; R= 
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(IX): a;R=Cl bs; R=Br (X): a; R=H bs; R=Br (XI) 


Anthanthrones and Dibenzopyrenequinones.—The spectra of the anthanthrones Cibanone 
Brilliant Orange GK (IXa) and RK (IXb), and of the dibenzopyrenequinones Cibanone 
Golden Yellow GK (Xa) and RK (Xb) are all very similar. Surprisingly, the visible x band 
is at longer wavelengths for the first pair than for the second, which have longer lateral 
molecular extension, two more conjugation electrons, and more dipolar contributory 
resonance structures. The explanation may lie in the difference in the conjugation of the 
carbonyl groups. The two carbonyl-bearing rings are fused in anthanthrone, and linked 
similarly to diphenyl in dibenzopyrenequinone; electron mobility in the x direction should 
thus be greater in the former. For the ultraviolet y bands, the absorbing system is 
probably restricted to one carbonyl] group, as in (XI), because of the mutual interference of 
the electron-attracting properties of the two carbonyl groups. The occurrence of structure 
(XI) in both anthanthrones and dibenzopyrenequinones explains the similarity of their 
y bands, which also resemble those of anthraquinone. 

Only minor spectral changes occur for both pairs on change of the solvent to chloro- 
benzene, indicating little association of dye with ethanol, but the colour change of 
the anthranthrones on dilution in ethanol indicates some self-association of solute. 
Fluorescence is very evident for both pairs, which also exhibit weak absorption bands in 
the 370—400 mu region. The /euco-solutions again exhibit two main peaks, presumably 
displaced x and y bands, the varying relative intensities of which are probably due to 
differences in the effects of the halogen substituents. 

Pyranthrones.—Caledon Gold Orange G (XIIa), Caledon Orange 2RTS = Cibanone 
Gold Orange 2R (XIIb), and Caledon Brilliant Orange 4RN (XIIc) give broadly similar 
spectra. The similarity between the central group of six fused rings in (XII) and structure 
(IX) may explain the similarity of the spectra of the pyranthrones and the anthanthrones, 
and to a lesser extent those of the dibenzopyrenequinones. The visible x band may be 
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ascribed to absorption along the longer axis of the central groups of six fused rings; the 
terminal positions of the oxygen atoms along this axis would explain the observed batho- 
chromic shift of the x band relative to that of the anthanthrones, while the extreme 
angularly fused benzene rings should have only minor effects on the x band. The ultra- 
violet y bands are generally similar to those of the anthanthrones and dibenzopyrene- 
quinones. The positive detection of weak absorption bands in the 400 my region was 
rendered difficult by the low solubility of the three dyes; however some weak bands were 
observed at wavelengths much longer than found in any of the preceding dyes. Change 
of solvent to chlorobenzene caused an unusual bathochromic shift, suggesting a dye- 
association effect. 

The spectra of the /euco-dyes exhibit only a single band. The correctness of the above 
interpretation of the x band of the unreduced dyes being assumed, the explanation may be 
that polar structures contribute significantly to their state, so that the introduction of 
ionic charges by reduction does not cause such large bathochromic shifts as with the dyes 
already discussed. 





(XII): a; R=R=H (Xl): a; R=W2H (XIV) 
b; R=Br, R=H b; R=MeO, R=H 
¢c3; R=R’=Br ¢; R= R=) 


Dibenzanthrones.—Caledon Dark Blue 2R (XIIIa), Caledon Jade Green XN (XIIIb), 
and Caledon Brilliant Purple 4RN (XIV) all exhibit a strong absorption band near 420— 
440 my. Comparison of the first two dyes shows that substitution by methoxy-groups 
causes a bathochromic shift throughout the spectrum, which, despite structural isomerism, 
is broadly similar to that of the third dye. Jade Green XN is dichromatic in hot chloro- 
benzene but not in cold chlorobenzene or hot or cold ethanol; the leuco-solution also 
exhibits blue-red dichromatism. The dichromatism of the dye is either a thermochroic 
effect, or more probably a thermally promoted fluorescence of red light after absorption 
of violet light followed by energy degradation. The visible spectrum of the acid leuco- 
form strongly resembles that of the dye, which is thus spectrally similar to the parent 
hydrocarbon. 

Brilliant Purple 4RN is purple with red fluorescence in saturated solution in chloro- 
benzene; on dilution, the colour changes through red to yellow, which is the colour in 
ethanol at all accessible concentrations. The yellow solutions, which absorb strongly in 
the violet, indicate the presence of a strongly bound dye-solvent complex, which renders 
detailed interpretation of the spectra difficult. 

The unreduced and Jeuco-forms of Cibanone Navy Blue RA (probably XIIIc) have 
spectra broadly similar to those of Caledon Dark Blue 2R. 

Indanthrones.—The spectral similarity of Caledon Blue RN (= Cibanone Blue RSN; 
XVa) and Caledon Blue RC (XVb) indicates that chlorination has little effect beyond 
causing a slight hypsochromic shift in the visible bands of the dye and its leuco-derivative. 
The deep colour of these dyes, despite the interposition of chromophore-insulating NH 
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groups between the anthraquinone groups, is difficult to explain. Neither hydrogen 
bonding between nitrogen and oxygen atom, nor a highly polar ground state (suggested by 
the similar visible spectra of Blue RN and its /euco-derivative) can be invoked, because of 
their inapplicability to the NN’-dimethyl derivative of Blue RN, which is similar in 
spectrum and colour. 

The usual bathochromic shift due to ethanol was observed for these dyes. Their low 
solubilities rendered detection of weak absorption bands difficult, but there is some 
indication of such bands in the 670 my region. 

Flavanthrones.—The spectrum of Caledon Yellow GN (= flavanthrone; XVI) resembles 
that of Caledon Gold Orange G (= pyranthrone; XIIa), apart from a bathochromic shift ; 
this is to be expected because of the equivalence of -N= and —-CH= despite their different 
electronegativities. The spectrum of Jewco-flavanthrone differs from that of leuco-pyr- 
anthrone, however, perhaps because of the ease of over-reduction of flavanthrone. The 
usual solvent effect of ethanol was observed for flavanthrone. Low solubility prevented 
observation of weak absorption bands. 

Caledon Yellow 2R is probably a substituted flavanthrone; its spectra generally 
resemble those of the latter. : 






(XV) > a3; R=H 
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Miscellaneous Dyes with Fused Heterocyclic Rings.—Caledon Yellow 5G (XVII) is 
spectrally broadly similar to Cibanone Yellow GK (1 : 5-dibenzamidoanthraquinone) ; this 
is to be expected in view of the approximate equivalence of the 1- and the 2-position of 
anthraquinone, and the structural similarity of the dye (XVII) and the tautomeric imidol 
form of 2 : 6-dibenzamidoanthraquinone. In Cibanone Orange R (XVIII), the electromeric 
effect of the insulating sulphur atom, and possible slight hyperconjugation of the methylene- 
bridge result in a spectrum similar to that of anthraquinone with the x bands shifted slightly 
bathochromically. In ethanol, this dye becomes greener on dilution; the weak 437 mu 
band exhibited only by concentrated solutions is ascribed to a dimer, the formation of which 
results in self-quenching of the fluorescence emitted by the monomer at lowerconcentrations.”® 
The /euco-solution exhibits, unexpectedly, only a single peak in the visible region. 

In Cibanone Red 2B (XIX), steric hindrance of the bulky R groups should inhibit 
coplanarity and therefore mutual conjugation of the two anthraquinone groups. Con- 
sequently, the spectra should resemble those of l-aminoanthraquinone. The ultraviolet 

** Pringsheim, ‘‘ Fluorescence and Phosphorescence,” Interscience, New York, 1949, p. 390. 
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spectrum of the solution and the visible spectrum of dyed cellulose acetate films show this 
resemblance. The visible spectra of the solutions, however, differ from expectation, 
indicating strong association of dye with solvent, particularly ethanol; the solutions in 
ethanol are yellow, and in chlorobenzene orange-yellow. In both solvents, a strong green 
fluorescence appears increasingly on dilution. No regions of weak absorption were 
observed. The considerable bathochromic shift accompanying conversion into leuco-form 
suggests that an unusually extensive change of molecular structure occurs. 
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Cibanone Red RK (XX) gives spectra broadly similar to those of 1-benzamidoanthra- 
quinone, illustrating the insulating effect of the carbonyl group in the nitrogen-bearing ring. 
Solvent effects indicate strong association with ethanol, as with Cibanone Red 2B; the 
fluorescence behaviour on dilution is also similar to that of the latter dye. Cibanone Red 
FBB (XXI) again is spectrally similar to the l-aminoanthraquinone series, indicating 
unexpected lack of conjugation between the two anthraquinone groups. Absorption 
peaks for solutions, even of the Jeuco-form, were difficult to locate owing to diffuseness ; 
dyed cellulose acetate films give far more satisfactory spectra. 

Indanthren Brilliant Orange GR (XXII), which is not strictly anthraquinonoid, is 
orange as might be expected from the resemblance of its central ring structure to the 
pyrene molecule. It gives complicated spectra with ill-defined peaks, which cannot be 
interpreted satisfactorily in the absence of suitable reference substances. It was found 
that alkaline reduction produces, according to conditions, either a green or a violet solution, 
the latter being too labile for spectral examination. The two products may be related 
either as quinol and semiquinone, or as anthraquinol and oxanthranol analogues. 

Relation between Solution Spectra and Fading and Tendering Activity.—The data in Table 
2 show that there is no obvious relation between wavelengths of bands in visible spectra and 
fading or tendering activity. However, several of the dyes exhibit very weak absorption 
bands, attributed to singlet-triplet transitions. No inactive dye exhibits such bands, 
although it must be pointed out that the latter may have escaped detection for some dyes 
exhibiting low solubility or diffuse spectra. The widespread occurrence of these bands 
indicates that their presence alone is insufficient to account for photoactivity. The 
varying activities of the acylamino-anthraquinones, despite the fact that they all exhibit 
weak bands in the same spectral region, emphasise this point. 

Table 2 shows that many inactive dyes absorb in the same spectral region as active dyes. 
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Thus earlier workers 1:35 have emphasised unduly the importance of the energy of the 
main singlet-singlet transition, ¢.g. of a band in the 360—400 my region. Photoactivity 
requires another property, which enables absorbed light energy to be utilised for chemical 


TABLE 2. Fading and tendering activity in relation to absorption in the visible 
and near ultraviolet regions. 


Light Tendering 
Amax. in ethanol (mp) fastness * activity ° 
l-Aminoanthraquinone _ ............+6. 406, 478, 497 A 
1 : 5-Diaminoanthraquinone ......... 410, 440, 492 _ A 
1 : 4: 5-Triaminoanthraquinone ...... ~410, 535, 564, ~590 2 —_— 
I NE OD eteccccniesesessvecssecs 408, 430-5 + A 
CR IL MEE avanscsancoecsenseuseces 356, 415, 477, 513, 538, 570 l G 
IE ED wnctccnscnantacsnces 371, 407, 425, 465, 496 1 G 
eo) es eee 355, 406, 491, 538, 570, 590 1 — 
Caledon Yellow 5GK _...........s.e000. 410, 426, 435 2 G 
SS. SC OH eee 403, 427, 469, 490 2 E 
Indanthren Yellow FFRK ............ 408, 438 l G 
GN SHEE BE tctrtedicesceccneccnnces 418, 469, 505, 568 1 D 
Caledon Gold Orange 3G ............... 440, 464, 493, 532 1 Cc 
CopeOMS TOW BEE c...cccccscccecceces: 408, 421, 440 1 A 
Cibanone Yellow 2GR ............ss000- 427-5, 445 3 G 
NES re er 435, 473, 498, 520 2 B 
2 SS OT ere 415, 485, 542 2 B 
Cibanone Brilliant Orange GK ...... 365, 468, 515, 528 ] F 
Cibanone Brilliant Orange RK 375, 480, 520, 533 1 F 
Cibanone Golden Yellow GK ......... 386, 415, 435, 465 2 G 
Cibanone Golden Yellow RK ......... 409, 415, 435, 464 l Cc 
Caledon Gold Orange G ............... 418, 432, 482 3 G 
Caledon Orange 2RTS ..............+04. 405, 426, 441, 450, 475, 479 2 Cc 
Caledon Brilliant Orange 4RN ...... 424, 450, 476, 550 1 c 
Caledon Dark Blue 2R .................. 362, 444, 556 1 B 
Caledon Jade Green XN ................ 350, 370, 416, 482, 538, ~610, 660 l B 
Caledon Brilliant Purple 4RN _...... 365, 422, 570 3 B 
I TIED sencncnsscsccsesccceanen 371, 442, 482, 554, 598, 635 1 B 
CEN, | cniccidadguaceheasensuen 420, 609, 668 1 B 
CED I GRE ic cdcsecnsecnscccnces 440, 470 2 A 
SE DE EES cacscccadcccnnonsencs 400 3 H 
Cibanone Orange R_ ...........sseeeeeees 422, 437 3 G 
ES OS ae 408, 448 2 B 
SET § <renvoccscenanceiehe 424, 451-5, 541 l Cc 
| ree 350, 418, 429, ~450 1 F 
Indanthren Brilliant Orange GR ... 374, 440, 486, 544, 603 1 C 


* Light fastness’-*: 1, v. good; 2, good; 3, moderate; 4, low. ° Tendering activity ”*®: A, 
none; B, probably none; C, low; D, probably low; E, mild; F, moderate; G, high; H, very high. 


reaction, and not degraded to heat. Fluorescence, frequently encountered with these 
dyes, indicates that the absorbed energy is not degraded to heat, but is retained for 
ca. 10° sec. as electronic energy not readily convertible into translational energy by 
collision, and is then re-emitted at a lower frequency after loss of energy by conversion into 
vibrational energy. Bowen * has expressed the need for investigating the relation of 
fluorescence to photo-activity in dyes, but few spectral as distinct from visual qualitative 
data on dye fluorescence have been published. The next paper in this series presents some 
spectral data on the fluorescence of several vat dyes. 


We thank the Kent Education Committee for the award to one of us (J. J. M.) of a Research 
Assistantship, during the tenure of which the work described in this and the following two 
papers was carried out. We are also indebted to Imperial Chemical Industries Limited, 
Dyestuffs Division, The Clayton Aniline Company, and Bernard Keegan and Company Ltd. 
for gifts of dyes. 


MEDWAY COLLEGE OF TECHNOLOGY, CHATHAM, KENT. 
[Present address (J. J. M.): Cosmos Imperiat Mitts L1p., 
HAMILTON, ONTARIO, CANADA.] (Received, November 22nd, 1955.]} 


*° Bowen, “‘ Chemical Aspects of Light,’’ Oxford Univ. Press, 2nd. edn. 1946, p. 164; J. Soc. 
Dyers and Col., 1949, 65, 613. 
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147. Fading and Tendering Activity in Anthraquinonoid Vat Dyes. 
Part II. Fluorescence, Absorption Spectra, and Stability to Light 
of Dyed Films. 


By J. J. Moran and H. I. STONEHILL. 


A modification of the Beer-Lambert law is derived, which allows for the 
effect of fluorescence. The modified law is verified by absorption measure- 
ments on dyed cellulose films. A simple method, involving comparison of 
absorption spectra obtained with dispersion respectively before and after 
absorption, is employed to detect the fluorescence of dyed cellulose acetate 
films, and to locate approximately the wavelength regions of fluorescence 
excitation and emission. This method is also used in investigations of 
fading and tendering (oxidative degradation) of these films, for which 
purpose it is more sensitive than conventional spectrophotometric or visual 
examination. There is no simple correlation of fluorescence with molecular 
structure for the dyes examined, or of either fluorescence or absorption 
spectra with fading and tendering activity. 


In Part I! it was shown that fluorescence of vat dye solutions caused deviations from 
Beer’s and Lambert’s laws on use of the usual type of photoelectric absorption spectro- 
photometer with no dispersion (‘“‘ monochromatisation ”’) after absorption, ¢.g., the Hilger 
Uvispek instrument. Fluorescence excited by monochromatic absorbed light reaches the 
non-selective photocell in this type of instrument and affects it as if it were unabsorbed 
incident light, causing spuriously low optical density readings. This effect, which has 
been discussed by Braude, Fawcett, and Timmons ? and by Ovenston,® could be virtually 
eliminated by monochromatisation both before and after absorption, or by balancing out 
the fluorescence-induced fraction of the photocell current by the output of a second photo- 
cell excited by light collected at 90° to the direction of the incident light. 

In this paper, (i) the Beer-Lambert law is modified to allow for fluorescence, and the 
modified law is verified by absorption measurements on dyed cellulose films, (ii) a method 
involving comparison of absorption spectra obtained with dispersion respectively before 
and after absorption is employed to detect the fluorescence of dyed cellulose acetate 
films, and to locate approximately the wavelength regions of fluorescence excitation and 
emission, and (iii) this method is used to study fading and tendering (oxidative degrad- 
ation) of the dyed films. 


EXPERIMENTAL 


The purification of the dyes has been described.1_ To prepare dyed films, 50 x 20 cm. sheets 
of glycerol-plasticised regenerated cellulose, 0-0025—0-0625 mm. thick (British Sidac Ltd.) and 
somewhat smaller sheets of unplasticised commercial cellulose acetate, ca. 1 mm. thick, were 
dyed for 1—2 hr. in 50 ml. of 0-05n-sodium hydroxide containing 3—4 g. of sodium dithionite 
and ca. 0-5 g. of dye at 50—70°, depending on the dye. The films were then washed in running 
water and steamed for 15 min. The thick acetate films dried satisfactorily in the air, but the 
thinner cellulose films tended to wrinkle. They were therefore stretched over a flat glass plate 
while wet, smoothed with a glass rod, folded in half four times, smoothing after each fold, 
stretched over a 10 x 4 cm. flat glass plate, secured by rubber bands, and allowed to dry in the 
air; the resulting homogeneous laminated films could be progressively decreased in thickness 
by peeling off layers. Unlike the acetate, the cellulose film absorbed ultraviolet light strongly 
because of the plasticiser present. 


1 Part I, Moran and Stonehill, preceding paper. 

* Braude, Fawcett, and Timmons, J., 1950, 1019; Braude and Timmons, Photoelectric Spectrometry 
Group Bull., 1953, No. 6, 139. 

% Ovenston, Photoelectric Spectrometry Group Bull., 1953, No. 6, 132. 

* Fox, ‘ Vat Dyestuffs and Vat Dyeing,” Chapman and Hall, London, 1946. 
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For determining spectra with the films in the normal or “ a@”’ position of the Hilger Uvispek 
instrument (between prism and photocell), dyed and reference undyed films, held flat in suitable 
sheet-metal frames which exposed rectangular areas similar to those of absorption cells, were 
placed in the holder normally occupied by absorption cells. Spectra were also determined 
with the films in the “‘ 6 ’”’ position (between light source and prism), the metal frames being held 
in a vertical plane perpendicular to the light beam and arranged so that either the dyed or the 
undyed film could be interposed in the beam. The frames were painted with matt optical- 
black paint to minimise reflection. Errors in the “b’’ position due to defocusing of the 
lamp-filament image, diffraction, etc., were minimised by varying the position of the lamp to 
obtain maximum photocell response; matching of the apertures of the two frames was checked 
by photocell response. A cell containing sodium nitrate solution was interposed between the 
lamp housing and the films in the “ 6 ’’ position to filter out any ultraviolet light and to absorb 
heat, thus preventing undue rise in vibrational energy levels. A didymium test filter was used 
to check the equivalence of spectra in the “‘a”’ and the “db” position for a non- 
fluorescent system. 

Fading tests were carried out on long strips of dyed cellulose acetate films, which were cut 
into four equal parts. The absorption spectrum of one part was determined immediately after 
dyeing, and that of a second part at intervals over a period of 2 months during which the sample 
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was irradiated by a Point-o-Lite arc. The arc was placed at the focus of a parabolic reflector, 
vertically above the film, which rested on a glazed white porcelain slab. To control humidity, 
a large flat dish of water was held beneath the porcelain slab, and a slow stream of air was 
directed by a fan partly on the films and partly on the water surface. The fading-test 
apparatus was housed in a wooden box; an enclosed thermometer showed no signficant 
departure from 24° during tests. A third portion of dyed film was exposed in the fading-test 
apparatus while shielded from light, in order to test the effect of atmospheric weathering. The 
first and the fourth portion of the film were used to examine semiquantitatively the effects of 
soaping and soaking in dilute hydrogen peroxide before irradiation. 


RESULTS AND DISCUSSION 


(i) Deviation from Beer's and Lambert's Laws due to Fluorescence.—Fig. 1 is a typical 
plot of optical density d against thickness / (expressed as the number of equal layers in 
the laminate) for cellulose film dyed with Cibanone Golden Yellow GK, held in the normal 
(“‘a’’) position, the monochromator of the Uvispek being set at 446 my, an absorption 
maximum for the system. It consists of two essentially linear sections of different slope, 
joined by a smooth curve. Similar graphs were obtained when d was plotted against / 
for various constant concentrations ¢ for chlorobenzene solutions of the same dye at 
absorption peak wavelengths 411, 438, and 466 my, the deviations from linearity 
(Lambert’s law) being most pronounced at 456 my and least at 411 my. The data of 
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these plots also revealed a similar deviation from the linear Beer’s law relation between d 
and catconstant/. Similar results were obtained with d-/ plots for chlorobenzene solutions 
of several other vat dyes listed in Table 1 of Part I, and for p-benzoquinone in n-hexane, 
at visible absorption-peak wavelengths. It may be shown as follows that this type of 
plot, deviating from Beer’s and Lambert’s laws, is to be expected whenever fluorescence 
emission reaches the photocell of the spectrophotometer. Let J, be the intensity of a 
beam of monochromic fluorescence-exciting light, of molar extinction coefficient e = 
k/2-303, after it has traversed a path-length x in an absorption cell of length / containing 
solution of molarity c. Then 
dl,=—hele ds . . . . . . ~~ Gf 


Suppose that a fraction « of the absorbed light —dJ, is emitted as fluorescence in the 
direction of the exciting beam. Then the change in the intensity of the fluorescence due 
to passage through path-element dv is the sum of a term similar to d/, for absorption and 
another equal to —ad/, for emission. Thus, using primes to refer to the fluorescent light, 
we have 


dl’, = —h'cl’,dx + akcle*"dx . . . . . . (2) 


where the approximation has been made of using an average value of k’ = 2-303e’ over the 
wavelength range of the fluorescence. Since J’, = 0, this gives, upon integration between 
x =Oandz =], 

Ij =I, (ee —e-PS)ak/(k’— kk) . 2. . ww 8) 


Lauer ® obtained an expression for dl’, for a somewhat different geometrical arrangement ; 
if it is modified so as to apply to the present system, it leads on integration to expression (3). 

With the reasonable simplifying assumption that the photocell response is the same for 
exciting and fluorescent light, the observed optical density is : 


é= log I,(1; anes I’) . ° . . . . . ° (4) 
Using (3) and noting that J, = I,e~*“, we have 


d = —log e-*4 — log] — (e@-*™! — l)ak/(k—k’)}) . . . (5) 


= 


The first term on the right-hand side of eqn. (5) is equal to dime = —log (J;/I,) = 
kcl/2-303 = ecl, the true optical density for the exciting light, which would be observed in 
the absence of fluorescence. Since k > k’ in view of the relative probabilities of the two 
optical transitions concerned, it follows from eqn. (5) that d < dtu, always. 

We now consider two limiting special cases. First, for small values of cl, eqn. (5) 
approximates to : 

@=x(l—aed . . 2. 2. s+ 2 2 we se @& 

Thus the graph of d against c/ is linear near the origin, with a slope s, = (1 — «)e which is 
smaller than the Beer-Lambert value by a factor which is a function of the fluorescence 
efficiency. The observed agreement with the Beer-Lambert law for dilute solutions or 
short absorption paths is only apparent. 

Secondly, for large values of cl, eqn. (5) approximates to : 


d@=e'cl+logi(e—e’)/xe] . . . . «. .. 7) 
Again the graph of d@ against cl is linear, with a slope s, = e’ and an intercept log /, 
where 7 = (¢ — e’)/ae. From the above values of s, s,, and #, it follows that 
e = (is, — s,)/(¢ — 1), e’ = sy, and a = (s, — s,)/(ts} —s.) . . (8) 


Equations (8) were applied to laminated cellulose films dyed with various vat dyes, 
rather than to dye solutions, in order to minimise complications due to association, 
5 Lauer, J. Opt. Soc. Amer., 1951, 41, 482. 
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TABLE 1. Corrected extinction coefficients for dyes on cellulose. 
Monochromator 
Dye setting (my) € e’ % 
Cibanone Golden Yellow GK .............sseee: 440 12,700 363 0-0745 
EEC criccnesendccsedseswieeenant 480 11,850 425 0-002 
Cebeees Te TEs cc cvcscccccccssccscccccccssccsessees 510 8,950 105 0-034 
Caledon Yellow SG _.......ccccccccccscscocceseces 430 12,400 445 0-058 
CO WY Ge. dasewnsiciscinacsncsscsscnnssenes 440 24,500 710 0-032 
Indanthren Yellow FFRK .............c.eeeeeeeee 420 15,100 1240 0-094 
Cibanone Brilliant Orange RK ..............00+: 530 20,600 625 0-078 
Caledon Jade Green XN ............eeseeeeeeeeeees 605 28,800 210 0-028 
Fic. 2. 
/Or , 4 7] 
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a 4 
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vs 
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~ O4} 8 | a 
io) / ™ 
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) == —— eee * EE EE ——E 
360 440 520 600 360 44 520 600 
Wavelength (m) 
Fic. 3. 
4or 7 
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> “>. 
5 06+ _ 4 
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~ O4+ go 
© £8 
= O02 — oan Ee 
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Oo Din L EL a ee ee 
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Wavelength (mp) 
Fic. 4. 
10 8. A 7 
» O8F Z x. ian 7 
> \ 8 \N 
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$ if | 
~ O4b fi 4 
5 j/ | 
- OF “i . ae \ 4 
1@)  —_—— “Witeas aa a: 
360 440 520 600 360 440 520 600 
Wavelength (my) 
Fics. 2—4. Absorption spectra of (Fig. 2) 1-aminoanthraquinone, (Fig. 3) Caledon Red 5G, and (Fig. 4) 


Cibanone Yellow 2GR, dyed on cellulose acetate. 
Continuous lines are ‘‘a’’ curves, broken lines ‘‘b’’ curves. 
quenching, etc. 


from the laminate. The results obtained are listed in Table 1. 


Left-hand plots before and right-hand plots after exposure. 


The value of cl was varied by peeling off successive equally thick layers 
Since the value of 7 is 


the same whether d is plotted against cl or against , the number of layers in the laminate, 
it follows that « may be calculated from eqn. (8) by using the slopes of the d—» graphs, 


which are equal to as, and as,, where a is the value of c/ for a single layer. 


However, to 





Spectra of dyed cellulose acetate films (wavelengths in mu). 
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determine ¢« and e’ from eqn. (8), the value of a was required. It was evaluated by 
measuring d for a dilute ethanolic solution of the dye concerned at a known concentration, 
calculating ¢ from eqn. (6) with the value of « obtained for the film by eqn. (8), and then 
using this value of « to calculate cl by applying eqn. (6) to the value of d observed for a 
single layer of dyed film. 

The fluorescence efficiency could be calculated from the value of « and the geometry of 
the system, but this was not attempted. 

(ii) Wavelength Regions of Fluorescence Excitation and Emission.—Although the 
measurements described above demonstrate the existence of fluorescence, they are tedious, 
and moreover give no information about the wavelength region of the fluorescence. A 
technique was therefore used of comparing the visible spectra (360—640 my) of dyed films 
of cellulose acetate (chosen for rigidity) with the films in alternative positions. These 
were (a) between monochromator and photocell, the normal arrangement, which gives a 
low apparent optical density at wavelengths which excite fluorescence, and (0) between 
polychromatic light source and monochromator, which leads to low optical-density 
readings when the monochromator is set at a wavelength at which fluorescence is emitted. 
Thus, if the “a” and “ }” spectra are superimposed, the “a” will lie above the “5” 
curve at fluorescence emission wavelengths, and below it at excitation wavelengths. If, 
therefore, the main visible absorption band excites fluorescence of much longer wave- 
lengths, the “a” curve will lie below the “b”’ over most of the visible spectrum. If, 
however, the fluorescence is excited by the near-ultraviolet and lies within or near the 
main visible absorption band, the reverse will be true. Lastly, if exciting and excited 
wavelengths are similar, a combination of the two previous effects may occur, and the “ @”’ 
and the “ 6” curve will cross ; their relative positions will still indicate, as described above, 
the spectral regions of excitation and emission. 

The results obtained are exemplified by Figs. 2—4 and summarised in Table 2 (cols. 5 
and 6). Apart from a general slight bathochromic shift, the film spectra are similar to 
those of ethanolic solutions of the dyes (cf. Table 2, cols. 3 and 4), with the exception of 
Caledon Red 5G, Gold Orange G, and Brilliant Purple 4R. Since reabsorption of 
fluorescence occurs preferentially on the short-wavelength side of the emission band, 
altering the position of maximum fluorescence and the apparent fluorescence band shape,® 
the present technique gives only limited and approximate information about emission and 
exciting wavelengths. In the few cases where the “ }”’ lies above the “‘ a”’ curve at one 
absorption peak, and below it at a longer-wavelength peak, it may be assumed that 
absorption at the shorter wavelength is followed, after some energy degradation, by 
re-emission in the region of the longer wavelength. In all other cases, the precise exciting- 
and excited-wavelength regions are unknown, so that correlation of fluorescence properties 
with fading or tendering activity is impossible; it is necessary for this purpose to use a 
technique *§ which minimises reabsorption of fluorescence. The present method does, 
however, provide a sensitive indication of fading and tendering of dyed films, as 
shown in the next section. It also. leads to an explanation of the well-known 
effect of soaping and steaming in increasing the optical absorption of dyed films. 
Waters, Sumner, and Vickerstaff® explained this as due to dye aggregation, resulting 
in perturbed dye energy levels and transitions of lower energy and greater probability. 
We have found that soaping decreases the extent of fluorescence but does not cause the 
bathochromic shift expected from this theory. This suggests that dye aggregation 


decreases fluorescence emission by self-quenching,” thus increasing the apparent optical 
density. 


* Bowen and Wokes, “‘ Fluorescence of Solutions,”” Longmans Green, London, 1953, pp. 55—56. 
7 Lauer and Rosenbaum, J. Opt. Soc. Amer., 1951, 41, 451. 

® Bowen, Photoelectric Spectrometry Group Buil., 1953, No. 6, 124. 

* Waters, Sumner, and Vickerstaff, J. Soc. Dyers and Colourists, 1953, 69, 181. 

10 Bowen, “ Chemical Aspects of Light,” Oxford Univ. Press, 2nd. Ed., 1946, p. 168. 
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(ili) Weathering and Light-exposure Tests on Dyed Films.—Atmospheric weathering in 
the dark had little or no effect on the spectra; on the other hand, only for Cibanone Red 4B 
was simultaneous weathering and light exposure without appreciable effect. Pretreatment 
by soaping and with hydrogen peroxide decreased and increased, respectively, the exposure 
effects, as is to be expected. 

The effects of light exposure on the spectra of the dye-substrate complex may be 
diverse. Either the “a” or the “ b” spectrum intensities can independently increase or 
decrease. A decrease may be due to actual fading or to decreased self-quenching of 
fluorescence, the latter arising from either decreased dye-particle size,!° or from weakened 
binding of dye to substrate after tendering. Light-scattering by degraded film may also 
decrease apparent optical density. An increased intensity may be caused if film degrad- 
ation strengthens the binding of dye. All of these possibilities were realised, as shown in 
the film exposure results given in Table 2, which refer to the state where further exposure 
had little effect. Generally a long induction period was followed by a steady change to 
the final state. In all cases the initially lower of the two absorption curves was the more 
sensitive to exposure, responding more rapidly at first, but also falling off in further 
response more rapidly. The interim effect was thus a differential movement of the relative 
positions of the “‘ a” and the “ b”’ curves. Some of the films darkened visibly and became 
brittle during exposure. In the most severe example, with Cibanone Orange R, this 
rendered determination of the final spectrum impossible. The interim spectra for this 
dye were anomalous in that the optical density first decreased, and then increased to 
values far greater than the initial. This behaviour was shown to a smaller extent by all 
the active yellow and orange “wie, and is due to tendering, the films becoming duller and, 
in some cases, opalescent. 

As expected, exposure produced most marked effects with the active yellow and orange 
dyes, the most severe cases being Cibanone Orange R and Cibanone Brilliant Orange RK. 
With the latter, a spectral change was observed after only 3 days’ exposure; after 1 month, 
the original spectrum had disappeared completely, leaving a spectrum of similar form to 
the original but displaced hypsochromically by some 40 my. However, no differential 
shift of the “a’’ and the “ }”’ curve occurred, so’ the fluorescence emission—excitation 
properties were unchanged. This behaviour is the more anomalous in that Cibanone 
Brilliant Orange GK, which differs structurally from the RK dye merely in the replace- 
ment of bromine by chlorine and is initially almost indistinguishable from it spectrally, is 
scarcely affected by exposure. Only l-aminoanthraquinone and Caledon Yellow GN 
exhibited similar large spectral shifts on exposure. 

Beyond the expected greater sensitivity of the acknowledged active dyes to light, there 
is little regularity in the results of the exposure tests. Even within the class of active dyes 
there is little consistency. A slight alteration in molecular structure leads to great 
variations in exposure effects. The difference in behaviour between Algol Yellow WG 
and Cibanone Yellow GK (l-benzamido- and 1 : 5-dibenzamido-anthraquinone) is as 
marked as that between chloro- and bromo-anthanthrones noted in the previous para- 
graph. The anomalous light-stability of the 4-acylamino-anthraquinones is of interest 
since the solution spectra of these dyes do not fall into line with those of other acylamino- 
anthraquinones.1! Within the triazine group of dyes there is again considerable diversity 
in behaviour on exposure. The carbazole group behaves fairly uniformly, except for 
Cibanone Yellow 3R which apparently changes spectrally on exposure towards the parent 
unsubstituted dye of this group. 

In conclusion, the absorption-emission characteristics of these dyes on cellulose acetate 
substrate are not simply correlated with either molecular structure or fading-tendering 
activity. It is noteworthy, however, that observation of changes in fluorescence-emission 
properties on exposure is far more sensitive as a criterion of fading or tendering than either 
a visual or a simple spectrophotometric examination. 

11 Fox, J. Soc. Dyers and Colourists, 1949, 65, 508; Landolt, ibid., p. 659. 
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148. Fading and Tendering Activity in Anthraquinonoid Vat Dyes. 
Part III.* Free-radical Production and Probable Reaction Mechanisms. 


By J. J. Moran and H. I. STONEHILL. 


Most of the tendering-active, and some of the inactive, members of a 
group of 37 anthraquinonoid vat dyes initiate the polymerisation of methyl 
methacrylate, by free-radical production, when their oxygen-free ethanolic 
solutions or aqueous /Jeuco-solutions are exposed to visible light. On the 
probable assumption that dye semiquinone radicals are initially produced, 
either by transfer of an electron from or to a solvent-sheath water molecule, 
or by hydrogen-atom transfer from cellulose substrate, mechanisms are 
proposed for (a) the photo-oxidation—-dehalogenation of Jeuco-solutions of 
halogenated dyes, (b) the production of acetaldehyde, dye peroxy-derivatives, 
and hydrogen peroxide in light-exposed oxygen-free ethanolic dye solutions, 
and (c) fading and tendering of dyed cellulose films exposed to light in air. 
Most dyes active in (c) emit fluorescence wavelengths shorter than about 500 
my, which could provide sufficient energy for detaching a hydrogen atom 
from a cellulose hydroxyl group before its transfer to a dye molecule. The 
protective action of some inactive dyes in mixed dyeings with fading-ten- 
dering dyes is probably due to overlap of the fluorescence band of the active 
dye and the absorption band of the inactive dye in the mixed crystal, in 
which these bands are essentially unperturbed. 


Various mechanisms have been suggested for the fading and tendering reactions of 
anthraquinonoid vat dyes. Scholefield and Turner?! held that active dyes are photo- 
reduced to the leuco-form, which, on reoxidation by air or otherwise, yields a peroxy- 
compound which attacks the substrate directly or after releasing hydrogen peroxide. 
The latter is known to result on reoxidation of active and inactive dye leuco-solutions * or 
on illumination of vat-dye suspensions. Waly, Preston, Scholefield, and Turner * observed 
that only active dyes underwent on illumination a shift of characteristic redox potential 
to more negative values. This shift, which Hadfield * could not reproduce, was ascribed 
to a change in either the chemical nature or the solubility of the dye or its /euco-derivative. 
Later, Turner ® suggested that the cause was a very active unidentified species produced 
during reduction of the dye to quinol via semiquinone. Egerton * found that the tendering- 
active species formed when vat-dyed cotton was exposed to visible light was transferable 
to near-by unexposed undyed cotton (“ action at a distance ’’), and concluded that it was 
activated molecular oxygen formed by energy transfer from photo-excited dye, or else 
its reaction product with moisture, hydrogen peroxide. Of interest in this connection is 


* Part II, preceding paper. 


1 Scholefield and Turner, J. Textile Inst., 1933, 24, p 131. 

Atherton and Turner, J. Soc. Dyers and Colourists, 1946, 62, 108. 

Waly, Preston, Scholefield, and Turner, ibid., 1945, 61, 245. 

Hadfield, M.Sc.(Tech.) Thesis, Manchester, 1947. 

Turner, J. Soc. Dyers and Colourists, 1949, 65, 637. 

Egerton, ibid., 1947, 68, 161; 1948, 64, 336; 1949, 65, 764; J. Textile Inst., 1948, 39, T 293, 
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Ashton and Probert’s observation ? that for vat dyeings in visible light, extent of fading 
increases with relative humidity, but tendering is often less severe at 50% than at 0% or 
100% relative humidity. Bamford and Dewar ® maintained that in the presence of 
moisture the main tendering agent was hydrogen peroxide, formed by oxidation of hydroxyl 
ions in the moisture by photoactivated dye (D*) : 


D* + OH- === D-- + OH:; D-- + Ht —» DH:; DH: + O, —» D- + HO,- —+H,0, 


In the absence of moisture the tendering was assumed to occur via an unstable cellulose 
hydroperoxide, formed by the reactions : 


3. DH- 
D* + Cell-H (cellulose) ——» DH: + Cell: —»> Cell-O,- ——> Cell-O,H 


Fading in certain cases was ascribed to the formation of colourless anthrones by the 
isomerisation of the acid /euco-compounds : 


2DH ——» D + DH, ——» Anthrone 


Fiala found that only activated oxygen, and neither hydrogen peroxide ® nor dye peroxide 1° 
resulted on illumination of fluorescein dyes with or without attackable substrate, con- 
firming the views of Kautsky and his co-workers.11 Hillson and Rideal !* concluded, 
from a study of the Becquerel effect of electrodes coated with azo- or triphenylmethane 
dyes, that the photo-excited dye reduces water or cellulose by abstracting OH, releasing 
either H or cellulose radicals. This reducing action accords with the marked tendering 
activity of strongly reducing leuco-dyes, and with the frequent colour change of illuminated 
vat dyes other than towards the colour of the acid leuco-form.™ 

Lewis and his co-workers 4 obtained semiquinone radicals by photochemical oxidation of 
quinols in rigid media at low temperatures, and Linschitz, Kennert, and Korn }® obtained 
such radicals both by photo-oxidation of a quinone or diamine and by photo-reduction of 
a quinol or di-imine, confirming Weiss’s views.1® It is thus clearly desirable to investigate 
the photo-production of free radicals in vat dyes. As criterion of production of free-radicals 
we have taken the ability to initiate polymerisation of methyl methacrylate.!? 


EXPERIMENTAL 


The purification of the dyes was described in Part I.1® Methyl methacrylate was freed 
from quinol stabiliser by extraction with sodium hydroxide solution, washed with water, and 
redistilled immediately before use. 

To detect free radicals in illuminated dye solutions in absolute ethanol, 10 ml. portions of 
saturated solutions of each dye were added to new Pyrex test-tubes (previously boiled out with 
solvent) containing 2 ml. of methyl methacrylate. Oxygen was removed by boiling the mixtures 
and bubbling in carbon dioxide The tubes were then sealed with the dead space filled with 


7 Ashton and Probert, 7. Textile Inst., 1953, 44, T 1. 

8 Bamford and Dewar, J. Soc. Dyers and Colourists, 1949, 65, 674. 

® Fiala, Chem. Listy, 1945, 39, 14. 

10 Fiala, Biochem. Z., 1949, 320, 18. 

11 Kautsky, de Bruijn, Neuwirth, and Baumeister, Ber., 1933, 66, 1588; Kautsky, Trans. Faraday 
Soc., 1939, 35, 216. 

12 Hillson and Rideal, Proc. Roy. Soc., 1953, A, 216, 458. 

43 Landolt, J. Textile Inst., 1951, 42, A, 563. 

14 Lewis and Lipkin, J. Amer. Chem. Soc., 1942, 64, 2801; Lewis and Bigeleisen, ibid., 1943, 65, 2419, 
2424. 

15 Linschitz, Kennert, and Korn, ibid., 1954, 76, 5839. 

16 Weiss, Trans. Faraday Soc., 1939, 35, 48; 1946, 42, 116, 133; J. Soc. Dyers and Colourists, 1949, 
65, 719. 

17 Waters, “‘ The Chemistry of Free Radicals,” Oxford Univ. Press, 2nd edn., 1948, p. 17. 

18 Moran and Stonehill, J., 1957, 765. 
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carbon dioxide, and exposed to full May—June sunlight while held at 30° to the vertical, facing 
south and sheltered from wind and rain. Control mixtures, from which the dye was omitted, 
and to some of which hydrogen peroxide or Fenton’s reagent was added, were similarly treated. 
Although in many cases visible polymer was precipitated, the non-appearance of a precipitate 
did not exclude the occurrence of polymerisation since ethanol-soluble short-chain polymers 
could be present. For non-precipitating mixtures, therefore, the optical density was compared 
with that of an identical mixture which had been kept in the dark; the Hilger ‘“‘ Uvispek ”’ 
spectrophotometer was used at a wavelength not appreciably absorbed by any constituent 
present. Any significant increase in optical density on exposure was assumed to be due to 
light scattering by polymer particles too small for visual detection. 

To detect free radicals in Jeuco-dye solutions, the dyes, dispersed in aqueous sodium hydroxide, 
were reduced with hydrogen and Raney nickel, and blown over with hydrogen into a 2 cm. 
optical absorption cell (as used with the ‘‘ Uvispek ’’ instrument), which contained a layer of 
methyl methacrylate. The cell was fitted with an air-tight Polythene cap carrying inlet and 
outlet glass capillaries, the lower ends of which were cut off flush with the lower surface of the 
cap. The entire apparatus was previously flushed with hydrogen, and the J/euco-solution 
stream was blown through the cell until no trace of unreduced dye colour remained therein. 
The inlet and outlet were then closed by screw clips on the connecting polyvinyl chloride tubing. 
Care was taken not to disturb the methacrylate layer during the addition of /eaco-solution. 
The filled cell was exposed to light from a Point-o-Lite lamp at a distance of about 12 in. and 
observed visually. 


RESULTS 


The results of the experiments on methyl methacrylate polymerisation induced by irradiated 
ethanolic dye solutions are given in Table 1, and of those with aqueous /Jeuco-solutions in Table 2. 


TABLE 1. Polymerisation of methyl methacrylate induced by irradiated ethanolic 
dye solutions. 


Exposure Extent of Light Tendering 

Dye (hr.) polymern. fastness 12° activity 1 20 
CORO TOG BEE ovo cccc ccc cccessisecescccce 2 Total solidificn. V. good None 
Caledon Orange 2RTS. ...........ccseeceeeeeee 2 - Good Low 
oO ee re 3 _ Moderate High 
Indanthren Brilliant Orange GR ......... 3 - Good Low 
Cibanone Brilliant Orange RK ............ 24 Dense precipitate V. good Moderate 
eae eer errr 24 ie V. good High 
I ss iensinnnebeebnie 24 Se Good None 
Cibanone Golden Yellow GK ............... 24 af Good High 
Cibanone Golden Yellow RK ............... 24 am V. good Moderate 
Caledon Gold Orange G_ ..............2.0005 24 Slight precipitate Moderate High 
BIE FH WG ccccrscscscesccssenecescsceese 24 * Low None 
Cibanone Brilliant Orange GK ............ 24 om V. good Moderate 
Cafedom Yellow GG ....cccccccccccsccccccee 24 es Good High 
Caledon Brilliant Orange 4RN ............ 24 - V. good Low 
I SION OED. Sidetinsdinncdtvaceccscacces 24 i Moderate V. high 
Other dyes in Table 3, Part I}8............ 500 Negligible or none — — 


TABLE 2. Methyl methacrylate polymerisation induced by irradiated leuco-dye 
solutions in water. 


Time for polymer Light Tendering 
Dye layer to form fastness 2° activity 1 2° 

Cibanone Brilliant Orange KK .............20+0000: 1 sec. V. good Moderate 
Indanthren Brilliant Orange GR .............00085 1 min. Good Low 
CN I IDG: sccscavensercescescesceconins 1 min. Moderate High 
SN ee EE vices ci cncnccccveesacssensencssnsecs 2 min. V. good None 
Cibanone Brilliant Orange GK ..............200000+ 15 min. V. good Moderate 
Cibanone Golden Yellow GK .............cseeseeeees 25 min. Good High 
Cibanone Golden Yellow RK ..............seceeeeees 25 min. V. good Low 


Caledon Brilliant Orange 4RN_..........cceceeeeeee 60 min. V. good Low 
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In the latter experiments, polymerisation-inducing dyes caused rapid formation of a polymer 
layer at the interface between monomer and /euco-solution, which acted as insulation between 
remaining monomer and precipitated oxidised dye, preventing further polymerisation. For 
the ethanolic dye solutions, addition of a few per cent of water to the solvent markedly reduced 
the induction period before polymerisation started; addition of acid or alkali retarded poly- 
merisation, the retardation being less pronounced when a tendering-inactive green or blue dye 
was mixed with an active yeliow or orange dye; addition of alkali also changed the colour of 
the dye solution towards that of the corresponding /Jeuco-solution, suggesting that Jeuco-dye 
is an intermediate in the reaction of the unreduced dye. 

The most active polymerisation-inducing dye of those examined was Cibanone Yellow 3R. 
The effect of immersing a cellulose acetate film dyed with this dye in an ethanolic solution of 
methyl methacrylate was therefore investigated. Complete polymerisation required 10 days 
of sunlight, compared with 2 hr. for the dye in solution, presumably because of the necessity for 
the film to swell before monomer could reach the dye. Localised surface polymerisation, 
removable by immersing the film in chloroform, occurred rapidly at first. After some time 
the film swelled visibly, small excrescences appeared, and small particles became detached, 
floating in the monomer solution and initiating local polymerisation. Careful dissolution of 
the final solid product in chloroform showed that the film had completely disintegrated. This 
did not occur with an undyed film or with one dyed with an inactive dye, and is probably the 
result of physical stress due to polymer growth, together with free-radical attack. 

The visible absorption spectra of active dye-monomer mixtures in ethanol, determined with 
the Hilger ‘‘ Uvispek ’’ instrument, exhibit a slight bathochromic shift and a sharp increase in 
peak intensities, compared with ethanolic solutions of the dyes alone. This indicates some 
dye—monomer association which causes fluorescence quenching and thus increased apparent 
optical density. The bathochromic shifts were too small to be due to electron-transfer spectra 
involving dye and monomer. 

The above results confirm the view that most tendering-active dyes (more sensitive detection 
techniques might extend this to all active dyes) as well as some inactive dyes give rise on 
illumination to free radicals, in the reduced and the unreduced state in solution, and also in 
the dyed state. The radicals are assumed to be semiquinonoid, since they may be obtained 
from either the quinone or the quinol forms of the dyes. 


DISCUSSION 


In the light of the present results and those of Parts I 18 and II,?! we may now suggest 
mechanisms for some photo-reactions of vat dyes. 

(i) Photo-oxidation and Dehalogenation of Halogenated leuco-Dyes.—The dehalogenation 
of leuco-solutions of many chloro- or bromo-substituted vat dyes on irradiation has long 
been known.”* Goldstein and Gardner ** found that a- were more labile that $-halogen 
substituents in Jeuco-anthraquinones. Cooper ™ prepared Jeuco-dye solutions by mild 
catalytic reduction (platinum—hydrogen) to avoid the excess of dithionite present in the 
earlier work, and found that, in addition to dehalogenation, complete precipitation of the 
leuco-solution as reoxidised dehalogenated dye resulted rapidly on irradiation. Moreover, 
only one halogen atom per dye molecule was removed, appearing finally as halide ion; 
hence a dibromo-dye could undergo two, and a tribromo-dye (e.g., Caledon Brilliant Orange 
4RN) three successive reduction-irradiation—precipitation cycles before becoming inert 
to irradiation in the Jeuco-form, the absorption spectrum of the precipitated dye 
approaching that of the unhalogenated analogue as dehalogenation progressed. This 
precipitation was confirmed during an attempt in the present work to determine the 
absorption spectra of dithionite-free /euco-dye solutions. 


19 Fox, J. Soc. Dyers and Colourists, 1949, 65, 508. 
20 Landolt, ibid., p. 659. 

2 Moran and Stonehill, preceding paper. 

22 Weber, Amer. Dyestuff Reporter, 1933, 22, 157; Dyestuffs, 1933, 33, 1. 
3 Goldstein and Gardner, J. Amer. Chem. Soc., 1934, 56, 2131. 

24 Cooper, unpublished work in this laboratory. 
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The mechanism we propose for the photo-oxidation-dehalogenation of a dibrominated 
dye, ¢.g., Cibanone Brilliant Orange RK, is : 


so- hy ore 
(1) Br,R¢ (leuco-dye) ——» Br,R‘ (singlet excited state) 
\No- ‘oO 
(2) Br,R(—O-),* —— Br,R(—O_),*** (triplet excited state) 
(3) Br,R(—O-),*** + H,O ——» Br,R. (semiquinone) +H: -+- OH- 
NO: 
sOo- Bry. O- 
(4) Br,R< + H» ——» Br: + R 
O- Hy 0- 
Bry. oO- Bry 
(5) Br: + Ry. ——»> Br + R(—O), (oxidised monodehalogenated dye) 
H ‘O- H/“ 


Stage (2), suggested by the fluorescence of the dyes concerned, involves a spin-reversal 
transition from the excited singlet to the nearest lower-energy triplet-excited state, from 
which return to the ground state is highly forbidden, and may be facilitated by the presence 
of the halogen atom in the molecule.25 Some or all of the energy thus released may be 
transferred to a hydration-shell water molecule, facilitating electron-transfer step (3). 
The energy (ca. 120 kcal./mole **) required to break the H-OH bond is contributed by the 
absorbed light (ca. 60 kcal./mole), the electron affinity of the water molecule, and hydration 
energy changes in (3), but not significantly by the oxidation of quinol to semiquinone, for 
which the redox potential is only about —0-4v on the hydrogen scale.2? The hydrogen 
atom and semiquinone produced are held together by the solvent-cage effect,?* as in normal 
fluorescence-quenching reactions,” permitting step (4) to occur; the latter may also be 
facilitated by light absorbed by the semiquinone. 

When strong reductants (very active Raney nickel and hydrogen) are used to prepare 
leuco-Cibanone Brilliant Orange RK, the precipitated irradiation product is not the 
dehalogenated analogue of the original dye obtained with mild reductant, but a different 
substance, resembling spectrally the product of fading tests on dyed film (Part II 24), the 
main visible absorption peak shifting some 30 my towards the violet instead of about 14 mu 
observed on simple dehalogenation. The absorption spectrum and slight solubility in 
warm alkali suggest that an anthrone-like substance is formed. To account for this, we 
may suppose that under strong reducing conditions the Jeuco-dye, besides undergoing the 
reactions of the above scheme, can in its tautomeric oxanthrol form be photochemically 
reduced to an anthrone.™,31,32 However, it is not clear why the analogous chlorinated 
dye, Cibanone Brilliant Orange GK, does not behave similarly, either in /euco-solution or 
in dyed films. Bamford and Dewar’s related view ® that fading of certain dyes was due to 
formation of colourless anthrones has already been mentioned. 

(ii) Irradiation of Oxygen-free Ethanolic Dye Solutions.—The effect of water in decreasing 


25 McClure, J. Chem. Phys., 1949, 17, 905. 

26 Uri, Chem. Rev., 1952, 50, 375. 

27 Gupta, J., 1952, 3473, 3479; Marshall and Peters, J. Soc. Dyers and Colourists, 1952, 68, 289; 
Bull. Inst. Textile France, 1952, 30, 415. 

28 Franck and Rabinowitsch, Trans. Faraday Soc., 1934, $0, 120. 

2® Boaz and Rollefson, J. Amer. Chem. Soc., 1950, 72, 3443. 

3° Gill and Stonehill, J., 1952, 1857. 

31 Coffey, Chem. and Ind., 1953, 1068. 

32 Bradley and Maisey, j., 1954, 274. 
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the induction period and accelerating the polymerisation of methyl methacrylate by 
irradiated dye solutions suggests the first step of the following scheme : 


(6) O=R—O*** (dye in triplet excited state) + H,O —— ~O—R—O: (semiquinone) + H+ + OH: 


(7) ~O—R—O: + H* + OH: ——® HO—R—O-OH (acidic peroxide) 
(8) HO—R—O-OH ——® O=RH—O-OH (tautomeric unstable peroxyanthrone) 
(9) O=RH—O-OH ——-» O=R-H (anthronyl radical) -+ HO,: 

(10) O=R—H + CH,-CH,-OH —-» O=RH, (anthrone) + CH,-CH-OH 

(11) CH,°CH-OH + HO,» —» CH,-CHO + H,O,. 


In contrast with (3), step (6) involves removal of an electron from water; the dye accom- 
modates this electron in the “ hole ”’ left by the optical electron, and is thus photoreduced to 
semiquinone. This scheme accounts for the production of acetaldehyde, organic peroxy- 
compounds, and hydrogen peroxide (detected with starch—iodide) on irradiation of ethanolic 
solutions of active dyes, as observed in this and earlier work.!_ The intermediate acidic 
peroxide postulated would be spectroscopically almost indistinguishable from the acid- 
leuco-form of the dye, which would explain why Scholefield and Turner } suggested that 
active dyes become photoreduced to the leuco-form. The above scheme applies to any dye 
having either a readily accessible triplet or a singlet state in which it is easily photoreduced 
to a semiquinone. The relative inactivity as a polymerisation catalyst of Cibanone 
Brilliant Orange GK as compared with its brominated analogue may be due to the effect 
of the bromine atoms in faciltating the spin reversal from excited singlet to triplet state *5 
which precedes step (6). 

Wells 8 has recently suggested that hydrogen-atom transfer rather than electron 
transfer may occur in dye photo-reactions. If this applies here, steps (6) and (7) would be 
modified to : 


(6a) O=R=O*** + H,O —— -O—R—OH (semiquinone) + OH: 
(7a) *O—R—OH + OH: ——» HO—R—O-OH 


subsequent steps being unchanged. 

(iii) Irradiation of Dyed Cellulose in Presence of Oxygen.—In the dyed state, the dyes 
occur as crystalline aggregates, especially after soaping and steaming. Crystals of several 
of the dyes concerned here, and of related substances, are semiconducting in light.*4.35 
Thus the energy levels of the individual dye molecules become merged into energy bands 
characteristic of a whole crystal. Upon illumination, electrons occupying the “ filled” 
lowest-energy bands in the ground state are promoted to the relatively empty conduction 
bands, and may move freely throughout the crystal. The energy gap for conduction is 
about half the transition energy corresponding to the long-wavelength absorption maximum 
of an isolated molecule,™ and for these strongly fluorescent dyes probably corresponds 
approximately to the maximum fluorescence emission wavelength, especially when 
fluorescence is excited by the main visible absorption band. The absorbed light energy, 
or part of it, is stored by the whole crystal, and may help to initiate a chemical reaction 
with the substrate if it is concentrated at a hydrogen-bond point of attachment of the dye 
crystal to a cellulose hydroxyl group **87 or adsorbed water molecule. 

The preceding reaction scheme may now be adapted to the present system. Although 
oxygen, in its diradical triplet ground state, can effect spin reversal from singlet to triplet 
excited state of the dye, this is not essential. It is sufficient that the photoexcited dye D* 

33 Wells, Nature, 1956, 177, 483. 

34 Eley, Parfitt, Perry, and Taysum, Trans. Faraday Soc., 1953, 49, 79. 

35 Inokuchi, Bull. Chem. Soc. Japan, 1951, 24, 222; 1952, 25, 28. 


36 Peters and Sumner, J. Soc. Dyers and Colourists, 1955, '71, 130. 
37 Waters, ibid., 1950, 66, 544. 











794 Moran and Stonehill: Fading and Tendering 


abstracts an electron followed by a proton, or more probably ** a hydrogen atom in one 
step, from the cellulosic substrate (Cell-H) or a water molecule adsorbed on it. This is 
probably a fluorescence-quenching type of process, the products of which are held together 
by the “‘ cage ” effect : *8 


(12a) D* + Cell-H ——» DH: (semiquinone) + Cell- 
(12b) D* + H,O —» DH: + OH: 


Further reaction leading to fading and tendering can occur only if some more mobile free 
radical is produced by an additional process, namely, the reaction of oxygen with either 
Cell* or DH: radicals; the relative immobility of the latter was demonstrated by the 
absence of polymerisation of oxygen-free methyl methacrylate in solution by dyed films 
unless the monomer was strongly absorbed into the films. We then have : 


(13) DH: + O, —» D + HO, 
(14) Cell: + O, —— Oxycellulose + HO,° 
(15) HO, + H,O —— H,O, + OH: 


The products OH-, HO,’, and H,O, undergo further reactions with both dye and substrate, 
of which the following are only a few possible ones : 


(16) Cell- + OH: —— Oxycellulose + H,O 
(17) Cell- + HO,- —- Oxycellulose + H,O, 
(18) Cell-H + OH: ——» Cell- + H,O 
(19) Cell-H + HO,- —— Cell: + H,O, 
(20) D + OH: ——» Degradation products of dye 
(21) D + HO,- —— Degradation products of dye 
(22) D* (singlet or triplet) + Hydrocellulose —— DH, (leuco-dye) 
/H 
(23) DH, ——> O:R< (tautomeric oxanthrol) 
OH 
JH JH 
(24) O:R, + hy ——> O'R 
‘OH OH* 
Ju 
(25) O'R, + Hydrocellulose ——t OH: + Anthrone + Cellulose radical 
NOH* 


The above scheme, some of the reactions in which have been suggested by Bowen,*® 
explains the production of hydrogen peroxide (detected with starch—iodide) in fading and 
tendering. Egerton’s ® “ activated oxygen” is probably OH: or HO,°, and his “ action 
at a distance’ is probably due to vapour-phase migration of these mobile radicals. The 
observed inefficiency of fading-tendering reactions is due to the lability of these radicals 
and the open-pore structure of textiles, which provides ample opportunities for deactivation 
or chain termination despite abundant production of radicals. The reducingoxy- and hydro- 
celluloses involved are probably produced during dyeing, acid “ souring,” soaping, or 
steaming. Freshly dyed cellulose films developed a Prussian Blue stain on immersion in 
dilute potassium ferricyanide, owing to the presence of reducing modifications of cellulose ; 
this stain test was particularly sensitive with lightly coloured yellow and orange dyeings 
and when the leuco-dye was reoxidised with dilute hydrogen peroxide. By spectrophoto- 
metric determination of the methylene-blue uptake of successively detached portions of a 
cellulose film dyed with Indanthren Brilliant Orange GR and an undyed film, both exposed 


38 Bowen, J. Soc. Dyers and Colourists, 1949, 65, 613. 
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to full June sunlight, it was shown that dyeing enhanced the rate of production of carboxy- 
cellulose. The difference between dyed and undyed film diminished on prolonged 
irradiation, secondary reactions becoming relatively important. 

To disrupt the H-OH bond, as in (120), it is unlikely that wavelengths longer than the 
near-ultraviolet can provide sufficient energy. The Cell-H bond, however, if assumed to 
have a bond energy similar to that of O-H in simple sugars, could be broken in reaction 
(12a) by fluorescence emission wavelengths + ca. 500 my. None of the subsequent 
reactions is energetically impossible. Of the 19 dyes listed in Table 2 of Part II 2! as 
having ¢, > ¢, in the range 430—500 my, all but six (l-aminoanthraquinone, Caledon 
Gold Orange 3G, Cibanone Brilliant Green 2B, Caledon Yellow 2R and 3RF, Cibanone Red 
F BB) are accepted as tendering-active or have been shown 2! to cause degradation of dyed 
cellulose films or to decompose in light. On the other hand, of 20 dyes listed as not 
showing ¢, > €, in this range, only two (Caledon Yellow 5GK, Cibanone Yellow 2GR) are 
active tenderers, and three (Caledon Yellow 4G, Cibanone Brilliant Orange GK and RK) 
are mildly active. Since the region where e, > ¢, only roughly corresponds with the 
fluorescence emission band, the correlation is reasonably good. 

(iv) Protective Action of Inactive Dyes.—The absorption spectra of cellulose films dyed 
with a mixture of a tendering-active and a protective inactive dye were found to be simply 
the result of superimposing the spectra of the separate dyes for all mixturesexamined. The 
unperturbed constituent-dye spectra indicate that the two dye molecule species are not 
bonded by strong chemical or physical forces. However, the dyed films appeared com- 
pletely homogeneous under the microscope. We may thus assume that mixed dye crystals 
rather than single-component dye crystals are present, but the component dyes retain 
their own unperturbed energy bands. If the fluorescence-level band of the active dye 
(in which light energy may be stored and subsequently used to initiate fading or tendering) 
overlaps the absorption-level band of the inactive dye, a radiationless energy transfer 
may occur from the active to the inactive dye, the transferred energy being finally dissipated 
as heat. Such a process, if efficient, could explain protective action. If, however, the 
transferred energy, after slight degradation to vibrational energy, is sufficient to promote 
electrons of the inactive dye to the normally inaccessible fluorescence-band level (a “ for- 
bidden ”’ transition), the inactive dye may become active and undergo enhanced fading, a 
photosensitisation phenomenon often observed. 

(v) Conclusion.—Although the tentative reaction schemes proposed above account for 
many of the observed facts, the complexity of the phenomena renders these schemes 
hypothetical. More work is needed to elucidate completely the reactions involved. A 
systematic study of the fluorescence emission of the dyes is desirable, especially in rigid 
solutions at low temperatures, in order to obtain information on the existence of excited 
triplet states. Further study of the reactivity and general properties of the semiquinones, 
especially in relation to the kinetics of polymerisation catalysis, would permit an assessment 
of the feasibility of some of the proposed reactions. The elucidation of the mode of coupling 
of dye to substrate and its dependence on the physical state of the dye as affected by after- 
treatments would positively identify the point of initial attack of the substrate. A 
study of the emitting properties of pure and mixed dyeings might help in explaining the 
mechanism of protective action of certain dyes. Lastly, work on the photodegradation 
of dyed and undyed cellulose, particularly in regard to the mobility of H- and OH: radicals, 
in the cellulose chain, would be of interest. 
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149. The Action of Grignard Reagents on Dianthron-9-ylidene 
and Dianthron-9-yl. 


By ABpDEL Fattau ALy IsMaIL and ZAKI MOHAMMED EL-SHAFEI. 


Dianthron-9-yl (V) is converted by Grignard reagents into diols (VI), 
except that benzylmagnesium chloride affords only the monoalcohol. These 
alcohols with acetic anhydride and acetic acid give acetates, but the di-a- 
naphthyl diol (VI) is thereby dehydrated to the hydrocarbon (IV; R= 

a-C,,H,). Dianthron-9-ylidene (I) is reduced by lithium aluminium hydride 
to 10 : 10’-dihydrodianthr-9-ylidene. 


ScHONBERG and Ismarz ! prepared dianthron-9-ylidene * (I) from dianthron-9-yl (V) by 
enolisation followed by oxidation with p-benzoquinone. They showed ? that with Grignard 
reagents it gave, after hydrolysis, inter alia the diols (II; R = Ph, o-C,H,Cl, and «-C,,H,). 
We have now prepared the parent compound (III) by the action of lithium aluminium 
hydride on dianthron-9-ylidene (I). 


tay a te dat, ie 
I co ox I 
" no \oH,% Ho” NoH.% GHZ ee 
Hy CHA O/C. OY GOH. TIN 
ul > rene RC ‘CR (IV 
on No NCH, N\A N\oH, a” C.H,4 vii 


On treatment with glacial acetic acid in presence of acetic anhydride, the diols (II) 
gave the corresponding dianthr-9-yl derivatives (IV) by the elimination of two hydroxyl 
groups. We have found that dianthron-9-yl (V), like dianthron-9-ylidene, reacts normally 
with Grignard reagents, giving on hydrolysis, the tetrahydrodihydroxydianthr-9-yls (VI; 


aN SoH RX OH, Jn _/* 

CH-CH ZCO a a Cc CH-CH VI 
\c.H,Z NCH, HO” \¢c,H,% \c,H,7 Non 
R = Ph, p-C,H,Cl, and «-C,,H,). However, benzylmagnesium chloride, under different 
conditions, gives only the monohydroxy-compound (VII); it is known that benzyl- 
magnesium chloride behaves similarly in many cases, ¢.g., it reacts with anthraquinone 


(Vv) oc 


CH CH /CGHA Jo 
Ni DCHCH Nase peo (VII) 
under different conditions giving mainly the monohydroxy-derivative.* No similar 
products were isolated when o-chlorophenylmagnesium bromide reacted with dianthron- 
9-yl, probably owing to steric effects. Repeating Schénberg and Ismail’s work,? we have 
found their product (II; R reputed to be o-C,H,Cl) is the #- and not the o-isomer. 
Treating the compounds (VI; R = Ph) and (VII) with glacial acetic acid and acetic 
anhydride gave the acetyl derivatives, but the diol (VI; R = a-C,,H,) was dehydrated 
to di-(10-a-naphthylanthr-9-yl), thus affording an easier method for its preparation.” 
The ultraviolet absorption spectrum of this compound (see Figure) was identical with 
that previously obtained by Schénberg and Ismail 2—the m. p. (above 330°) was too high 
to be of value for characterisation. The curve shows pronounced vibrational fine struc- 
ture, as for polycyclic benzenoid hydrocarbons of the linear series, ¢.g., naphthalene and 


* For nomenclature see J., 1950, 3702. 

1 Schénberg and Ismail, J., 1944, 307. 

2 Idem, J., 1945, 201. 

% Scholl and Meyer, Annalen, 1934, 512, 112. 





operas ee 





1) 


nt 


yl- 
ye 


ilar 
‘on- 
ave 


etic 
ated 
on.” 
with 
high 


and 








(1957) Dianthron-9-ylidene and Dianthron-9-yl. 797 


anthracene.* The absorption spectrum of the parent substance dianthr-9-yl (IV; R = H) 
(see Figure) shows the relation between the two structures. 


The present work (Experimental section) had clarified that of Barnett and Matthews 5 
on the preparation of dianthr-9-yl, which was later criticised by Barnett and others.® 


| 
\ 
40 
\ 


Absorption spectra of: di-(10-x-naphthylanthr-9-yl), 
(i) ( ) as prepared by Schonberg et al.* and (ii) 
(-—-—-—) prepared from dianthron-9-yl; and dianthr- 
9-yl, (i) (—-—-+—) as prepared by Clar (Ber., 
1932, 65, 503) and Bell et al.,? and (ii) (. . . .) pre- 
pared from anthrone. 














1 \ ! 
JOO 350 400 
Wovelength (mm) 


The compound obtained was identical (see Figure) with that prepared by Bell and Waring’s 
method.’ 


EXPERIMENTAL 


Absorption spectra were determined in CHC], with a Unicam SP. 500 spectrophotometer. 
Di-(9 : 10-dihydro-10-hydroxy-10-phenyl-9-anthryl) (VI; R = Ph).—To a solution of phenyl- 
magnesium bromide (magnesium, 1-1 g.; bromobenzene, 7-2 g.; ether, 25 c.c.), dry benzene 
(50 c.c.) was added and the mixture treated gradually with powdered dianthron-9-yl § (V) (5 g.), 


then refluxed with stirring for 4 hr., the ether being allowed to evaporate slowly; a deep green 
colour appeared. The cooled mixture was poured into ice-cold water acidified with hydro- 
chloric acid, the curdy white precipitate (A) was filtered off, and the benzene layer separated 
from the filtrate, washed, dried, and evaporated. The residue was added to (A) and the whole 
material (5-2 g.) crystallised from ethyl acetate in colourless prismatic crystals, m. p. 285° 
(decomp.). The diol gave a deep green colour with concentrated sulphuric acid, was sparingly 
soluble in acetone, benzene, toluene, and xylene, but almost insoluble in alcohol (Found: C, 
87-9; H, 5-4. Cy oH 90, requires C, 88-5; H, 5-5%). 

This product (1 g.) was refluxed with acetic acid (40 c.c.) and acetic anhydride (5 c.c.) for 
4 hr., the solution becoming pale yellow. On cooling, the mixture was diluted with water 
whereby a yellow solid separated, and the whole was extracted with ether. The ethereal layer 

* Gillam and Stern, “ An Introduction to Electronic Absorption Spectroscopy in Organic Chemistry,” 
E. Arnold, London, 1954, p. 121. 

5 Barnett and Matthews, /., 1923, 380. 


* Schlenk and Bergmann, Annalen, 1928, 463, 98: Barnett and Goodway, J., 1929, 813; Bergmann 


and Schuchardt, Annalen, 1931, 487, 225; Clar, Ber., 1932, 65, 503; Bell and Waring, /J., 1949, 1579. 
? Bell and Waring, J., 1949, 267. 
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was washed, dried, then evaporated, and the residue (0-85 g.) crystallised from toluene in 
yellowish-green prismatic crystals, m. p. 140°. This diacetate gave a deep green colour with 
concentrated sulphuric acid and was soluble in hot benzene, toluene, and xylene, but less soluble 
in alcohol (Found: C, 84-6; H, 5-2. C,,H;,0O, requires C, 84-3; H, 5-4%). The diacetate 
(0-5 g.) was refluxed with 10% aqueous sodium hydroxide solution (20 c.c.) for 1 hr., cooled, and 
acidified with dilute hydrochloric acid, and the curdy white precipitate filtered off, washed, and 
dried. The diol crystallised from ethyl acetate in colourless prismatic crystals, m. p. 285 
(decomp.) alone or when mixed with the product (VI; R = Ph). 

The following reactions were carried out by methods substantially the same as those 
described above. 

10-Benzyl-9 : 9’ : 10 : 10’-tetrahydro-10-hydroxy-10’-oxodi(anthr-9-yl) (VII) (reaction in hot 
solution).—The precipitate (5 g.) corresponding to (A) crystallised from toluene-light petroleum 
(b. p. 80—100°) in colourless prismatic crystals, m. p. 178°, moderately soluble in benzene, 
acetone, and xylene, less so in alcohol, giving a deep green colour with concentrated sulphuric 
acid, changing slowly to a pale yellow (Found: C, 88-2; H, 6-0; active H, 0-42. C,,;H,,O0, 
requires C, 87-9; H, 5-4; active H, 0-41%). In this experiment, the molar ratio of benzyl- 
magnesium chloride to dianthronyl was 3:1, but a 6:1 ratio gave the same product. The 
monoacetate, crystallised once from alcohol, then repeatedly from methyl alcohol, formed pale 
yellow crystals, m. p. 170°, giving a deep green colour in concentrated sulphuric acid, and very 
soluble in benzene, toluene, and xylene (Found: C, 85-4; H, 5-7. C3,H,,O, requires C, 85-4; 
5-4%); hydrolysis regenerated the alcohol. 

Di-(10-p-chlorophenyl-9 : 10-dihydro-10-hydroxyanthr-9-yl) (VI; R = p-C,H,Cl) (reaction in 
hot solution).—The precipitate (6 g.) corresponding to (A) crystallised from toluene in pearly 
leaflets, m. p. 298° (decomp.). This diol gave green colour with concentrated sulphuric acid, 
sparingly soluble in benzene, toluene, and xylene, and almost insoluble in alcohol (Found: C, 
79-2; H, 4-9; Cl, 11-2. CyH,,0,Cl, requires C, 78-6; H, 4-6; Cl, 11-6%). 

Di-(9 : 10-dihydro-10-hydroxy-10-a-naphthylanthr-9-yl) (VI; R = a-CyH,) (reaction in hot 
solution). The precipitate (6-2 g.) corresponding to (A) was very sparingly soluble in benzene, 
toluene, or xylene and crystallisation therefrom seemed to be accompanied by decomposition, 
since the solutions gave on concentration a deep blue-violet fluorescence characteristic of the 
corresponding hydrocarbon (IV; R = a-C,,H,). The product (0-7 g.), m. p. >300°, which 
gave a green-blue colour with concentrated sulphuric acid, was refluxed with acetic acid (40 c.c.) 
and acetic anhydride (2 c.c.) for 3 hr., then no longer giving the green-blue colour in concentrated 
sulphuric acid. The mixture was cooled and the solid (0-5 g.) crystallised from toluene in pale 
yellow crystals, identical with authentic di-(10-«-naphthylanthr-9-yl)? (IV; R = a-C,9H,). 
Both samples, separately or mixed, did not melt below 330°. They had the same crystalline 
shape and the same green fluorescence in ultraviolet light, gave no colour in concentrated 
sulphuric acid, and were very sparingly soluble in boiling ether and benzene, but moderately 
soluble in chloroform (Found: C, 94-7; H, 5-2. Calc. for CygH 3): C, 95-0; H, 5-0%). 

Reaction of p-Chlorophenylmagnesium Bromide with Di(anthron-9-yl).—The sample of o-chloro- 
bromobenzene (Schering-Kahlbaum, Berlin) previously used by one of us ? for this reaction was 
found to be the p-isomer, and so that experiment was repeated. Di-(10-p-chlorophenyl-10- 
hydroxyanthr-9-ylidene) (II; R = p-C,H,Cl) was obtained, on reaction in hot solution, from the 
precipitate (6 g.) corresponding to (A) and crystallised from toluene in colourless prismatic 
crystals, m. p. >300° (decomp.), giving a deep greenish-blue colour in concentrated sulphuric 
acid, and moderately soluble in hot benzene, toluene, and xylene, but almost insoluble in 
methyl and ethyl alcohol (Found: C, 78-8; H, 4:7; Cl, 11-5. CyH,,0,Cl, requires C, 78-8; 
H, 4:3; Cl, 11-6%). 

10 : 10’-Dihydrodianthr-9-ylidene (II1).—To pulverised lithium aluminium hydride (1-2 g.) in 
ether (100 c.c.), dianthron-9-ylidene (3 g.) in benzene (100 c.c.) was added gradually. The 
reddish-brown mixture was refluxed for 3 hr. with stirring, then set aside overnight at room 
temperature, and poured into ice-cold water acidified with hydrochloric acid, the precipitate (B) 
was collected, and the benzene layer separated, washed, dried, and evaporated. The residual 
hydrocarbon was added to (B), and the whole material (2-5 g.) crystallised once from toluene, 
then repeatedly from benzene, forming colourless prismatic needles, m. p. 328° (depressed to 
ca, 298° on admixture with dianthr-9-yl), moderately soluble in benzene, toluene, and xylene, 
sparingly soluble in methyl and ethyl alcohol (Found: C, 94-2; H, 5-8. C,gHa9 requires C, 
94-4; H, 5-6%). 


















































[1957] Interaction of Hydrogen Selenide and Ketones. 799 





Dianthr-9-yl (IV; R = H).—Anthrone (20 g.), reduced by zinc and hydrochloric acid,’ 
gave a product crystallising from acetic acid in pale yellow prismatic needles (10 g.), m. p. 310— 
312° alone or mixed with authentic dianthr-9-yl 7 (Found: C, 94-7; H, 5-3. Calc. for C,,H,, : 
C, 94-9; H, 5-1%). 

FACULTY OF SCIENCE, ALEXANDRIA UNIVERSITY, 
| ALEXANDRIA, EGyPT. (Received, June 8th, 1956.] 


150. The Products of the Interaction of Hydrogen Selenide and 


t Ketones. 
{ By D. S. Marcouis and R. W. Pittman. 
‘ The interaction of hydrogen selenide and various ketones is shown to 
: be accompanied by a reduction, involving hydrogen selenide, with the 
J production of diselenides and not, as hitherto reported, dimeric seleno- 
“ ketones. 
y For some years it has been assumed that dimeric selenoketones may be prepared according 
} | to the equation 
2RR’CO + 2H,Se ——» (RR’C'Se), + 2H,O 

. by treating a mixture of a ketone and concentrated hydrochloric acid with hydrogen 
d, selenide.} 
C, Our interest in this class of reaction was stimulated by some observations made in the 

attempted preparation of selenobenzophenone by a modification of this method, carried 
vot out in absence of oxygen, a precaution which appears to have been previously neglected. 
1e, Selenium was deposited and the product, odourless crystals (A), which gave analyses and 
mn, molecular-weight values consistent with the formula [(C,H;),CSe],, decomposed smoothly 
he at 200° to selenium and 1:1: 2: 2-tetraphenylethane in almost quantitative yield. 
ch Now the expected product of the pyrolysis of selenobenzophenone is tetraphenylethylene.? 
#3 It was therefore concluded that (A) was, not dimeric selenobenzophenone, but bisdipheny]- 
ced , : nie eg ‘ : 
ale methyl diselenide, arising from a reduction in which hydrogen selenide was the active 
id. agent. This was confirmed by preparation of the diselenide by an unambiguous route. 
ine The status of the compounds hitherto classed as dimeric selenoketones was thus com- 
ted : promised so we re-investigated them. Only three compounds described as diseleno- 
ely | ketones seem to have been reported, all by Lyons and Bradt,! but the evidence given to 


support this classification is tenuous. The reactions claimed were re-examined, and the com- 
rO- pounds obtained from the interaction of acetophenone, acetone, and ethyl methyl ketone 
was with hydrogen selenide in the presence of hydrochloric acid, along with results of their 


pyrolysis are given in Table 1. No real comparison can be made between the compounds 
e 
atic | TABLE 1. 
uric . 
2 in Ketone Product Pyrolysis products 
9.8: Acetophenone ......... Pleasant-smelling, yellow crystals (B), m. p. Se, PhEt, ? styrene polymer 
"os? 54—56° 
DED... . ctasininistians Amber, stinking oil (C), b. p. 64—66°/4-5 mm. Se, 1: 1 C;H,—-C,;H, 
.) in Ethyl methyl ketone Golden, stinking oil (D), b. p. 92—93°/4-5 mm. Se, 1: 1 C,H,-C,H, 
The , , ‘ . , . , 
oom listed and those obtained by Lyons and Bradt owing to the paucity of information given 


 (B) by them. 


dual ' In three cases elementary selenium, equal to half that contained in the total yield of 
lene, | the product, was recovered. The reaction with acetophenone gave less, probably owing to 
d to difficulty of separation of the products. 

lene, 

S Cc 1 Lyonsand Bradt, Ber., 1927, 60, 824; Sidgwick, ‘‘ The Chemical Elementsand Their Compounds,” 


Oxford, 1950. 
? Kuhn, J., 1938, 605. 
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The earlier workers do not mention the formation of selenium in their preparation of 
the alleged selenoketones, possibly because it was masked by adventitious production of 
the element by aerial oxidation of hydrogen selenide. By working in absence of oxygen 
we have shown the reaction to be : 


2RR’CO + 3H,Se = (RR’HC-Se), + 2H,O + Se 


This might be compared with a similar preparative reaction involving formaldehyde; * 
no selenium was deposited during treatment with hydrogen selenide * and the product 
was cyclic trimethylene triselenide. It is suggested that the initial step is the same for 
both aldehydes and ketones, namely, the formation of hydroselenohydrins : 


RR’CO + H,Se = HO-CRR’*SeH 


Indeed, such an addition compound of formaldehyde has been isolated * as a colourless 
heavy oil which slowly polymerises, liberating water. The fate of the hydroselenohydrin 
is, however, different in the two cases. With simple aldehydes, three molecules condense, 
in the presence of hydrochloric acid, to give a cyclic triselenide. With ketones it seems 
possible that water is eliminated from one molecule, giving the monomeric selenoketone, 
which, by analogy with certain thioketones, ¢.g., thiobenzophenone, could exist as a fairly 
stable biradical. Such active entities would then be capable of attack on hydrogen 
selenide, undergoing reduction followed by dimerisation : 


2RR’CSe + H,Se = (RR’HC-Se), + Se 


The traces of blue substance obtained on distillation of crude product (C) give support to 
the suggestion that monomeric selenoketones participate in some step of the reaction, as 
also does the observation that, in the early stages of the treatment of ketones with hydrogen 
selenide, the reaction mixtures become green and that this colour persists for some time 
before changing to the orange or red due to precipitation of selenium. Such phenomena 
have never been observed in this laboratory in parallel reactions with aldehydes. 


TABLE 2. 

Substance Amax. (Mp) &max. Substance Amax.(Mp)  Emar. 
Compound (C) .....sseeeeeee 305 500 Di-sec.-butyl diselenide ...... 305 439 
Diisopropy] diselenide ...... 305 511 Bischloromethyl diselenide 305 380 
Compound (D) ...........++ 305 438 Selenium monochloride ...... 305 3300 


Analyses and molecular-weight determinations on all four compounds gave results 
compatible with either of the formulations (RR’C-Se), or (RR’HC-Se), but substances (A) 
and (B) were definitely identified as bisdiphenylmethyl diselenide and di-(1-phenylethyl) 
diselenide, respectively, by m. p.s and mixed m. p.s with authentic samples prepared by 
oxidation of the appropriate selenols. Substances (C) and (D) were identified as ditso- 
propyl diselenide and di-sec.-butyl diselenide by means of the mercury compounds 
(RR’HC-Se),Hg. Supporting evidence is the ultraviolet absorptions recorded in Table 2, 
where data for bischloromethyl diselenide and selenium monochloride are included for 
comparison. 

Treatment of these compounds with halogen gave, in all cases, good yields of the 
corresponding substituted methyl halides. Elementary selenium was the other product 
when bromine was used, while it was selenium tetrachloride with chlorine. This is in 
line with the results of pyrolyses, for in both sets of experiments the products arise from 
substituted methyl radicals and not from the substituted methylene radicals implicit in a 
ketonic structure. 

Finally, the results of the mercuration experiments and the iodine monochloride tests 
might be considered together, for both are explicable in terms of a weakening of the C-Se 


* Bradt and Valkenburgh, Proc. Indiana Acad. Sci., 1929, 39, 165; Vanino and Schinner, J. prakt. 
Chem., 1915, 91, 116. 
* Bridger and Pittman, J., 1950, 1371. 
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bonds in the C-Se-Se-C chain resulting from electron delocalisations rendered possible by 
progressive phenylation at the terminal carbon atoms. Evidence for such delocalisation 
is given by a comparison of the difference of the molar refractivities of ditsopropy] diselenide 
and di-(1l-phenylethyl) diselenide, on the one hand, and that between two compounds in 
which optical exaltation accompanying phenyl substitution is improbable, say, n-hexane 
and n-pentylbenzene,® on the other. 


Compound R AR for Ph minus Me 
Di-(1-phenylethyl) diselenide .................. 93-29 (25°) 20-31 
Ditsopropy] diselenide ..............ssseeeeeeeees 52-66 (25°) * 
w-Pentylbenzene  ........ceccccsececccscccsccceces 49-76 (20°) 19-83 
OOD: corincendccacosascsenscconerecescnececessne 29-93 (20°) 


The alkyl diselenides (C) and (D) readily form compounds of the type (RR’HC-Se),Hg 
in almost 100% yield on treatment with metallic mercury at room temperature. At 125° 
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these compounds slowly decompose into the parent diselenide and mercury, only a small 
amount of mercury selenide being formed. No mercury compound is formed by the 
product (A) under these conditions; mercuric selenide is the only isolable product. In 
solution, the compound (B) gives an addition compound with mercury, which unlike those 
from (C) and (D) slowly decomposes in daylight with the production of mercuric selenide. 
At 125° it decomposes rapidly and completely, 999% of the mercury being recovered as 
mercuric selenide. 

The liberation of 3 equiv. of iodine per atom of selenium on treatment of substances 
(C) and (D) with iodine monochloride corresponds to the formation of relatively stable 
alkylselenium trichlorides, compounds in which the C-Se bond remains inviolate. How- 
ever, even at 0°, substances (A) and (B) react smoothly with iodine monochloride until 
some five atoms of iodine per atom of selenium are liberated. This corresponds to the 
formation of substituted methyl chlorides and selenium tetrachloride and gives no 
indication of the intermediate formation of compounds containing the C-Se bond. 


® Partington, ‘‘ An Advanced Treatise on Physical Chemistry,’’ Vol. 1V, Longmans, London, 1953. 
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EXPERIMENTAL 

Interaction of Ketones and Hydrogen Selenide.—Essentially the same procedure was used in 
all cases. Hydrogen selenide was passed over the surface of a well-stirred mixture of the ketone : 
and either concentrated hydrochloric acid or ethanolic hydrogen chloride. Either type of 
mixture gives the same products: that with ethanol absorbs hydrogen selenide more rapidly ) 
but gives a less pure product. Absence of oxygen was ensured by passing nitrogen through ; 
the reaction train at the beginning and end of the experiments. 

Benzophenone. Benzophenone (20 g., 0-11 mol.) in ethanol (100 ml.) was treated with 
hydrogen chloride (0-4 mol.) followed by hydrogen selenide (0-67 mol.) introduced during 14 hr. 

Pale yellow crystals admixed with selenium separated and were filtered off. Leaching with hot 

ethanol gave 8-7 g. [0-018 mol. of (C,,;H,,Se),; 32%] of yellow needles (A) and 1-63 g. (0-02 g.- | 
atom) of selenium. Substance (A) recrystallised from light petroleum as odourless, pale yellow, 

felted needles, m. p. and mixed m. p. with bisdiphenylmethyl diselenide, 120—123° (Found: C, 

62-3; H, 4:6; Se, 31-5%; M, cryoscopic in cyclohexane, 464 (+5%). C.zgH..Se, requires C, 

63-4; H, 4-5; Se, 321%; M, 492]. 

Acetophenone. Acetophenone (120 g., 1 mol.) in an ethanol (200 ml.) solution of hydrogen 
chloride (2 mol.), when treated with hydrogen selenide (2 mol.) during 8 hr., gave a pasty 
mixture of a heavy oil with red selenium, and a yellow supernatant liquid. The latter was 
mainly an ethanolic solution of hydrogen chloride and unchanged acetophenone-and was 
rejected. The paste, on treatment with benzene (100 ml.) and filtration, gave 24 g. (0-3 g.- 
atom) of selenium. A clear red viscous oil (160 g.) [Found: Se, 44-7. Calc. for (C,H,Se), : 

Se, 42-9°%] was obtained on removal of the benzene at 60°. This oil, the selenoacetophenone of 

Lyons and Bradt, is a mixture; its properties are not reproducible. Purification presented 
difficulties, as the substance could not be crystallised and normal distillation under reduced 

pressure caused decomposition. On short-path distillation at <1 my the red oil (11-8 g.) 

yielded six fractions by stepwise increase of the still temperature from 45° to 65°, leaving an 
involatile residue (1-67 g.). The first fraction (2-47 g., 2° 1-5870) contained about 40% of ' 
acetophenone. The remainder (6-675 g.; 2° 1-6464—1-6659), which deposited crystals, were 
bulked, dissolved in 3 : 1 methanol-ether (35 ml.), and cooled to —80°. Yellow prisms, with a : 
pleasant odour resembling that of acetophenone (compound B) (3-29 g.) were obtained, having 

m. p. and mixed m. p. with di-(1-phenylethyl) diselenide, 54—56°, n®& 1-6352, d® 1-407 [Found : 

Se, 42:7%; M, cryoscopic in cyclohexane, 355 (15%). C,gH,,Se, requires Se, 429%; M, 

368). 

Acetone. Hydrogen selenide (2 mol.) was passed over acetone (58 g., 1 mol.) in an equal 
volume of concentrated hydrochloric acid, during 9 hr. The dark oily layer which separated i 
was removed, diluted with an equal volume of carbon tetrachloride, and filtered, the elementary 
selenium recovered being reserved. The solvent was removed under nitrogen, and the residual 
oil (48-6 g.) distilled under a reduced pressure of nitrogen. The main fraction (39-1 g., 0-16 mol. of 
C,H,,Se,), compound (C), had b. p. 64—66° /4-5 mm., 72° 1-5486, d*5 1-473 (Found: Se, 64-5%; M, 
cryoscopic in cyclohexane, 245. C,H,,Se, requires Se, 64-7% ; M, 244). The elementry selenium 
left in the still was washed with carbon tetrachloride, combined with that recovered 
earlier, dissolved in nitric acid, and reprecipitated (16-0 g., 0-2 g.-atom). It is noteworthy 
that three drops of the first runnings in the distillation of the crude product were bright blue, 
and that this colour faded and could not be regained. 

Ethyl methyl ketone. The same procedure was used as in the preceding preparation; 72 g 
(1 mol.) of ethyl methyl ketone gave 21-5 g. (0-27 g.-atom) of elementary selenium and 68 g. 
(0-25 mol. of C,H,,Se,) of compound (D), b. p. 92—94°/4-5 mm., 2° 1-5392, d*5 1-382 
(Found: Se, 58-0%; M, cryoscopic in cyclohexane, 271. C,H,,Se, requires Se, 58:1%; M, 
272). 


Preparation of Diselenides.—The procedure used in all cases was essentially the same. The 
selenol was prepared by treatment of the appropriate substituted methyl bromide with sodium 
hydrogen selenide, made by saturating an ethanolic solution of sodium ethoxide with hydrogen 
selenide, in the absence of air. Only in one case was the selenol isolated; in the others, the 
diselenide was formed by direct oxidation of the sodium salt of the selenol with hydrogen 
peroxide. 

Bisdiphenylmethyl diselenide. Diphenylmethyl bromide (120 g.) was treated with sodium 
hydrogen selenide from sodium (12 g.) in ethanol (400 ml.). Then water (500 ml.) and 10N- 
sodium hydroxide (100 ml.) were added, followed by m/8-hydrogen peroxide (200 ml.). The 
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diselenide separated as a pasty mass, yielding, after two recrystallisations from ethanol, pale 
yellow needles (20 g.), m. p. 120—123° (Found : Se, 32-1%). 

Di-(1-phenylethyl) diselenide. 1-Phenylethyl bromide (176 g.) was treated with sodium 
hydrogen selenide from sodium (12 g.) and ethanol (200 ml.). After 15 minutes’ refluxing, the 
selenol was precipitated by addition of water, separated, dissolved in 10N-sodium hydroxide 
solution (200 ml.), washed with light petroleum, and reprecipitated with acetic acid. The 
crude 1-phenylethaneselenol (80 g.) was distilled under reduced pressure of nitrogen, giving a 
yellow, foul-smelling oil, b. p. 87—89°/8 mm. (Found: Se, 41:8%; M, cryoscopic in cyclo- 
hexane, 180. C,H, Se requires Se, 42-7% ; M, 185). 

1-Phenylethaneselenol (12-8 g.), dissolved in aqueous 4N-sodium hydroxide (30 ml.), was 
oxidised with M/3-hydrogen peroxide (30 ml.). A yellow oil separated; it was diluted with 
light petroleum, washed with water, and dried (MgSO,), and the solvent pumped off. The 
product was partly crystalline at room temperature. The crystals were removed and a second 
crop was obtained by cooling a solution of the filtrate in 1: 1 methanol-ether to —80°. The 
two crops were combined and recrystallised from the same solvent, giving di-(1-phenylethy]) 
diselenide (3-78 g.), m. p. 54—56° (Found: Se, 43-4%). The liquid fraction, obtained by 
removal of solvent from the mother-liquors, was purified by molecular distillation. The 
distillate, which definitely contained no selenol, very slowly deposited crystals (2-24 g.) identical 
with those obtained earlier. 

Diisopropyl diselenide. isoPropyl bromide (100 g.) and sodium hydrogen selenide, from 
sodium (18-7 g.) and ethanol (500 ml.), were refluxed for 10 min. 10N-Sodium hydroxide 
(100 ml.) and 2mM-hydrogen peroxide (250 ml.) were added with cooling, and the resulting 
diselenide precipitated as a dark red oil by addition of water (1-5 1.). This oil was separated 
and fractionated im vacuo, giving diisopropyl diselenide (28 g.), b. p. 66—67°/4-5 mm., n? 
1-5479, d?5 1-472 (Found: Se, 64-6%; M, cryoscopic in cyclohexane, 246). 

Di-sec.-butyl diselenide. The procedure was as for the isopropyl compound. sec.-Butyl 
bromide (92 g.) gave crude diselenide (78 g.) which on vacuum distillation yielded the diselenide 
as a golden, stinking oil, b. p. 90—92°/4-5 mm., 25 1-5390, d*5 1-381 (Found: Se, 58-39%; M, 
cryoscopic in cyclohexane, 268). 

Pyrolysis of Selenium Compounds.—Benzophenone derivative. Substance (A) (0-85 g.) was 
heated at 200° for 20 min. in a Pyrex tube under water-pump vacuum. A crystalline, selenium- 
free, sublimate (0-53 g.) formed in the cold end of the tube and a fused bead of selenium (0-27 g.) 
was left behind. The sublimate recrystallised from benzene as colourless needles, m. p. 209— 
210°, mixed m. p. with tetraphenylethane 208—209°, with tetraphenylethylene 190°. 

Acetophenone derivative. Substance (B) (3-087 g.) was heated at 290—300° for 30 min. in a 
sealed Pyrex tube. The products were separated by vacuum-distillation into liquid-air traps, 
a fused bead of selenium (1-282 g.) and a very small amount of benzene-soluble tar matter being 
left in the still. Two fractions were obtained of widely differing volatility. The first (0-920 g.) 
was a mobile liquid, distillation range 133—135°, showing no unsaturation (Hanus method) 
which formed a sulphonamide, m. p. and mixed m. p. with that from ethylbenzene 110—112°. 
The second (0-313 g.) was a viscous liquid of very high b. p. (Found: M, cryoscopic in cyclo- 
hexane, 199; unsaturation equiv. to 0-724 mmole of an ethylene). This figure corresponds to 
one double bond per 2-2 moles if the cryoscopic value of M is accepted. Thus this fraction 
would appear to be a mixture of “ distyrenes ’’ (M, 212) including ca. 50% of “‘ distyrene II ”’ 
which is a saturated, presumably cyclic compound.® 

Acetone derivative. Substance (C) (0-3445 g.) was heated at 290—300° for 30 min. in a 
sealed Pyrex tube. The products were a selenium bead (0-218 g.) and a mobile liquid. The 
tube was cooled to —80°, unsealed, and put in the cooled limb of an inverted U-shaped still 
which was then pumped out and sealed. The volatile products were trapped in the other limb 
by manipulation of the cooling bath, sealed off, and weighed (0-105 g.). The distillate was 
liquid at —179° and boiled between —36° and —20°. It was dissolved, with suitable 
precautions, in chloroform, and the unsaturation estimated (Hanus method). This was 
equivalent to 1-25 mmoles of an ethylene. The b. p.s of the hydrocarbons which might be 
expected to be formed are: propane —47° (m. p. —190°), propene —42° (m. p. — 185°), 2 : 3-di- 
methylbutane 58° (m. p. —135°), 2: 3-dimethylbutene 73°; 1-25 mmoles of propane + 1-25 
mmole of propene = 0-108 g. The distillate can only be an equimolar mixture of propane and 
propene. 

* Thorpe, ‘‘ Dictionary of Applied Chemistry,” Vol. IV, 4th Ed., Longmans, London, 1940. 
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Ethyl methyl ketone derivative. The pyrolysis and separation of the products were carried 
out as for the acetone derivative. Compound (D) (0-359 g.) gave 0-204 g. of selenium and 
0-143 g. of distillate, b. p. 0—5°, unsaturation equiv. to 1-205 mmoles of an ethylene. 
1-205 mmoles of butane + 1-205 mmoles of butene = 0-138 g. The b. p.s of the revelant 
hydrocarbons are: m-butane —0-5°, but-l-ene —5°, but-2-ene 1° and 2-5°, 3: 4-dimethyl- 
hexane 116°, 3 : 4-dimethylhex-3-ene 113-5°. 

Halogenation of Selenium Compounds.—Benzophenone derivative. Compound (A) (3-0 g.), in 
carbon tetrachloride (25 ml.), was treated with 2% w/v bromine in carbon tetrachloride (50 ml.), 
giving a brown solution which rapidly deposited selenium. This was filtered off, the solvent 
removed, and selenium-free diphenylmethyl bromide (2-34 g.), b. p. 178°/17 mm., recovered by 
vacuum-distillation. Recrystallised from ether at —80° it had m. p. and mixed m. p. 398—40° 
(Found: Br, 32-8. Calc. for C,;H,,Br: Br, 32-4%). 

Acetophenone derivative. Compound (B) (3-42 g.), in carbon tetrachloride (50 ml.), was 
treated with excess of chlorine, giving a deep red solution which, after a few minutes, deposited 
selenium tetrachloride. This was filtered off, the solvent removed, and 1-phenylethyl chloride 
(1-72 g.), b. p. 72°/14 mm., was recovered by vacuum-distillation (Found: Cl, 26-4. Calc. for 
C,H,Cl: Cl, 25-3%). The high chlorine content is probably due to the presence of selenium 
tetrachloride; the substance contained a trace of selenium which could not be removed by a 
second vacuum-distillation. The chlorine compound was hydrolysed by prolonged treatment 
with water, and the resulting alcohol treated with phenyl isocyanate, giving a phenylurethane, 
m. p. and mixed m. p. with that from 1-phenylethyl alcohol 89—90°. 

Acetone derivative. Nitrogen was bubbled through bromine (3 g.) and then over compound 
(C) (4:5 g.). The dark product was distilled from a water-bath, giving isopropyl bromide 
(2-95 g.), b. p. 60°, and a residue of selenium. This compound gave an anilide (via the Grignard 
reagent and phenyl isocyanate), m. p. and mixed m. p. 105—106°. 

Ethyl methyl ketone derivative. Compound (D) (11-33 g.) in acetic acid (35 ml.) was treated 
at 100° with a solution (22 ml., 4-4N) of bromine in the same solvent. After 24 hr. the solution 
was decanted from selenium and diluted with water. A heavy lquid (9-2 g.) separated, which, 
on distillation, gave a selenium-free sec.-butyl bromide (4-6 g.), b. p. 91—92° (Found: Br, 57-6. 
Calc. for C,H,Br: Br, 58-3%). 

Preparation of Mercury Compounds.—Acetophenone derivative. Compound (B) (0-806 g.), 
in light petroleum (5 ml.), was treated with mercury, in the dark, for 30 days at room temper- 
ature, crystals being removed from time to time. The total yield was 0-831 g., and the m. p. 
and mixed m. p. with di-(1-phenylethylseleno)mercury, 98—102° (decomp.) (Found: Se, 28-2; 
Hg, 35-5. C,gH,,Se,Hg requires Se, 27-8; Hg, 35-2%). 

Acetone derivative. Compound (C) (0-83 g.) was treated with excess of mercury for 72 hr., 
giving crystals which were dissolved in chloroform and decanted. The solvent was pumped off 
at room temperature, and unchanged reactant removed by prolonged vacuum-treatment, 
leaving yellow crystals (1-03 g.), m. p. and mixed m. p. with di(isopropylseleno)mercury, 123— 
125°. Some decomposition takes place at the m. p. which is somewhat arbitrary; the figure 
given is that at which the sample as a whole becomes fluid and shows a meniscus (Found: Se, 
34-5; Hg, 45-7%; M, cryoscopic in bromoform, 500 +. 10%. C,H,,Se,Hg requires Se, 35-5; 
Hg, 45-1%; M, 445). 

Ethyl methyl ketone derivative. The preparation was carried out as described for com- 
pound (C). Compound (D) (0-952 g.) gave yellow crystals (1-44 g.), m. p. 70—80°. Recrystallis- 
ation from 1:1 ethanol—chloroform at —80° raised the m. p. to 79—80°, mixed m. p. with 
di-(1-methylpropylseleno)mercury, 80—82° (Found: Se, 33-7; Hg, 43-2. C,H,,Se,Hg requires 
Se, 33-4; Hg, 42-4%). 

Pyroysis of Mercury Compounds.—The mercury compounds were heated in a short-path 
still at 120—125°/10 mm. until decomposition or distillation was complete. 

The mercury compound from (B) was heated for 3 hr.; 0-334 g. (0-589 mmole) gave an 
involatile residue of mercuric selenide (0-1624 g., 0-581 mmole) and a distillate containing only 
a trace of elementary mercury. 

The mercury compound from (C) was heated for 9} hr.; 0-4556 g. (1-03 mmoles) gave a 
distillate containing a considerable proportion of undecomposed mercury compound and also 
0-0617 g. (0-31 mg.-atom) of metallic mercury. An involatile residue of mercuric selenide 
(0-0185 g., 0-07 mmole) was left. 

The pyrolysis of the mercury compound from (D) was essentially similar to that just 
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described. Much metallic mercury was observed on the cold finger and a mere trace of 
involatile residue remained. No weighings were made owing to the obnoxious nature of the 
material. 

Iodine Monochloride Titrations——The procedure described by McCullough, Campbell, and 
Krilanovitch ? was modified by cooling the iodine monochloride solution to 0° and carrying out 
the addition of the sample and all subsequent operations at that temperature. 

Benzophenone derivative. This gave indefinite end-points both at room temperature and 
at 0°, values of ca. 4-5—5-5 atoms of iodine per atom of selenium being obtained. 

Acetophenone derivative. This gave an abnormal value of 5 (+2%) atoms of iodine per atom 
of selenium at room temperature.and at 0°. 

Acetone and ethyl methyl ketone derivatives. These gave very indefinite end-points at room 
temperature, but at 0° the usual figure of 3 (11%) atoms of iodine per atom of selenium was 
obtained. 

The authentic diselenides gave results identical with those above. 

Analytical.—Estimation of selenium. Some difficulty was experienced in the destruction of 
the organic part of aromatic selenium compounds by wet methods. However, combustion in a 
Grote—Krekeler tube * with a rapid flow of wet air (ca. 2 1./min.) usually resulted in complete 
oxidation, although, in some cases, traces of red selenium were occasionally deposited. The use 
of air enriched with an equal volume of oxygen at a rate of flow of 700 ml. /min. eliminated this. 
The selenium dioxide formed was estimated by titration with potassium permanganate. 

Estimation of selenium and mercury together. With the mercury compounds, the sample was 
heated under reflux with 3—5 ml. oleum until thoroughly charred, and the oxidation completed 
by dropwise addition of 30% hydrogen peroxide until the mixture was clear. This solution was 
diluted with water (25 ml.), concentrated hydrochloric acid (100 ml.) added, and the selenium 
precipitated at room temperature by addition of saturated aqueous sulphur dioxide (15 ml.). 
The precipitate was washed three times with concentrated hydrochloric acid, once with cold 
water, and then converted into -the black form by washing with hot water. The filtrate was 
nearly neutralised with ammonia, and the mercury precipitated as the sulphide with hydrogen 
sulphide. The admixed sulphur was removed by extraction with carbon disulphide. 


BIRKBECK COLLEGE, MALET St., Lonpon, W.C.1. [Received, July 18th, 1956.} 


7 McCullough, Campbell, and Krilanovitch, Ind. Eng. Chem. Anal., 1946, 18, 638. 
8 Grote and Krekeler, Angew. Chem., 1933, 46, 106. 


151. Synthesis of New Sugar Derivatives of Potential Antitumour 
Activity. Part I.* Ethyleneimino- and 2-Chloroethylamino-derivatives. 


By L. Varcua, L. Tortpy, 0. Fentr, and S. Lenpvat. 


When 5: 6-anhydro-1 : 2-O-isopropylidene-p-glucofuranose (I) and 1: 2- 
5 : 6-dianhydro-3 : 4-O-isopropylidene-p-mannitol (III) are treated with ethyl- 
eneimine, the corresponding ethyleneimino-derivatives (II) and (IV) are 
formed with cleavage of the epoxide ring. When 1: 6-dideoxy-1 : 6-di- 
ethyleneimino-3 : 4-O-isopropylidene-p-mannitol (IV) is treated with hydro- 
chloric acid, the ethyleneimino-ring splits, yielding the 1 : 6-bis-2-chloro- 
ethylamino-1 : 6-dideoxy-D-mannitol dihydrochloride (V), the structure of 
which is confirmed by an alternative synthesis. For biological test, the 
hydroxyl-free analogue (IX) and the 2-chloroethylamides of gluconic, gluco- 
saccharic, and mannosaccharic acid have been prepared. Of these com- 
pounds, the amine (V) showed strong cytoactive and tumour-inhibiting 
activity. 


ALTHOUGH compounds of very different type occur among the numerous known cytoactive 

substances, the only cytoactive sugar derivatives described are natural glucosides.* 

Synthetic cytoactive substances described in the literature, except for some amino-acid 
* Preliminary communication, Naturwiss., 1955, 42, 582. 


1 Stoll, Renz, and von Wartburg, Helv. Chim. Acta, 1954, 87, 1747. 
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derivatives,” are derivatives of compounds which do not occur in the body. However, it 
is known that compounds essential from a biological point of view, ¢.g., natural amino-acids 
or sugars, readily pass through the cell membrane, and the present aim has been to study 
derivatives of these compounds. It was expected to find among them substances of 
stronger activity and greater selectivity than were known so far. Attention was first 
turned to the sugar group and we prepared ethyleneimino- and 1-di-(2-chloroethyl)amino- 
derivatives of sugars and similar compounds. The ethyleneimino-derivatives of sugars 
seemed also of interest from the chemical point of view because the three-membered 
heterocyclic ring is capable of manifold conversions not studied as yet in the sugar group. 

For the preparation of ethyleneimino-derivatives of this type the epoxides of sugars 
and sugar alcohols seemed to be the most suitable starting materials, since generally on 
reaction with ammonia or organic bases, the anhydro-ring is opened and amino-compounds 
are formed. Similar behaviour with ethyleneimine was expected. First, the reaction of 
5 : 6-anhydro-1 : 2-O-isopropylidene-p-glucofuranose * and of 1 : 2-5 : 6-dianhydro-3 : 4-0- 
isopropylidene-D-mannitol # (III) with ethyleneimine was studied. 

Experiment confirmed that ethyleneimine reacts with the epoxides mentioned in the 
same way as other bases do. Addition starts at room temperature, is exothermic, and 
affords the ethyleneimino-derivatives (II) and (IV). 6-Ethyleneimino-1 : 2-O-isopropyl- 
idene-p-glucofuranose (II) is crystalline and stable for years. The tsopropylidene group is 
not removed by the usual acid hydrolysis without the simultaneous cleavage of the 
ethyleneimino-ring. The constitution (II), z.e., the 6-position of the ethyleneimino-group, 
is very probable by analogy, since in opening of the 5: 6-anhydro-ring the basic group 
generally becomes attached ® to position 6, and no example is known of an addition to 
position 5. 

1 : 6-Dideoxy-1 : 6-diethyleneimino-D-mannitol (IV) was, however, unstable: it is 
converted within a few days into a glass of high molecular weight and insoluble 
in water. Concentrated hydrochloric acid converts it into crystalline 1 : 6-dideoxy-1 : 6- 


H2C 


| >N-CH, 
2 
HO-C-H _O i 
H OH H © 


| 





/CH, ‘ 
CH, H,C—NC | H,C—NH,°CH,°CH,Cl 
o NCH, f 2 2 2 
7" HO—C—H HO—C—H 
o—C-H 5 Me te HO—C—H 
= eae ma 2c! 
ro, | Mey _» H—C—OH 
H—C—O’ H—C—O 
H—C—OH 
H—C\. H—C—OH J 
LY /CHs H,C—NH,°CH,°CH,Cl 
H,C’ H,C—N | ; + 
(III) CH, (IV) (V) 


di-(2-chloroethylamino)-D-mannitol dihydrochloride (V); the free base is only slightly 
soluble in water and other solvents and also crystallises readily. 
Although the 1 : 6-positions of the imino-groups are, by analogy, very probable, it seemed 


* Bergel, J., 1954, 2409; Ross, J., 1949, 183; Ross, Warwick, and Roberts, J., 1955, 3110. 
% Ohle and Vargha, Ber., 1929, 62, 2435. 
* Wiggins, J., 1946, 384. 

5 Peat, Adv. Carbohydrate Chem., 1946, 2, 68. 
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necessary to confirm the structures (IV) and (V) by an unambiguous synthesis, because the 
yield from the diepoxide (III) was only 50%, indicating the possibility of a 
simultaneous formation of isomers. 2 : 3-4: 5-Di-O-methylene-p-mannitol 1 : 6-ditoluene- 
p-sulphonate ® (VI) was converted by ethanolamine into 1 : 6-dideoxy-1 : 6-di-(2-hydroxy- 
ethylamino)-2 : 3-4 : 5-di-O-methylene-p-mannitol (VII), which withthionyl chloride 
gave the di-(2-chloroethylamino)-derivative (VIII). The product obtained from this after 
removal of the methylene groups was proved (m. p., mixed m. p., analysis, and optical 
rotation) to be identical with that (V) prepared from the dianhydrotsopropylidenemannitol 
(III). The diamine (V) was obtained similarly from di-O-dibenzylidene-p-mannitol 
1 : 6-ditoluene-p-sulphonate, described by Hudson and co-workers.’ 

To decide whether the presence of hydroxyl groups plays a réle in the antitumour 


os Se ot Mitta H,C—NH-{CH,],-Cl 
O—C—H /O—C—H ; oth the 
H,C ] H.C H.C 
silk tin O—C—H O—C—H 
H—C—O\ H—C—O\. H—C—Or\. 
| >CH, SCH, | CH, 
ak Gal H—C—O/ H—C—O” 
H,C—OTs (VI) H,C—NH-{CH,],,OH (VII) H,C—-NHACH, C1 (VIII) 


Ts = p-C,H,MeSO, 


activity, the hydroxyl-free analogue of (V), namely, 1 : 6-di-(2-chloroethylamino)-n- 
hexane dihydrochloride (IX), and a lower homologue, | : 2-di-(2-chloroethylamino)ethane 
dihydrochloride (X), were prepared from 1 : 6-dichloro-n-hexane § and 1 : 2-dichloro- 
ethane, respectively, as above. © 

Further, the 2-chloroethylamides of D-gluconic, D-glucosaccharic, and of D-manno- 
saccharic acid were prepared. 

All these compounds, except (IV) which is unstable, were tested by the Hungarian 
Oncological Institute for antitumour action and therapeutic value. The results of these 
tests, published in detail elsewhere,? may be summarised as follows. 

The hexane and ethane derivatives (IX, X) and the amides showed no inhibiting action 
on Guerin rat carcinoma, N-] rat sarcoma, Crocker mouse sarcoma, or Ehrlich ascites 
tumour in doses up to 50 mg./kg., whereas the glucose derivative (II) was slightly active. 
75% inhibition of growth was observed in the mentioned tumours when 1 : 6-di-(2-chloro- 
ethylamino)-1 : 6-dideoxy-D-mannitol dihydrochloride (‘‘ BCM ’’) (V) was applied in daily 
doses of 10—20 mg./kg. LD50 was found to be 60—80 mg. with mice or rats. The 
substance showed inhibiting effect also in the leukemia of mice. On the basis of clinical 
investigations it was suitable mainly for therapy of malignant hematological diseases such as 
lymphogranulomatosis (Hodgkin’s disease), chronic lymphoid and myeloid leukemia, and 
lymphosarcoma. Good results were obtained also in cases resistant to X-ray irradiation 
and to “ nitrogen mustard.” 


CH,-NH[CH,],-Cl H,-NH-[CH,],°C! 
[CH,], 2HCI CH,-NH-[CH,],"Cl 
(IX) CH,*NH-[CH,],°Cl (X) 


This substance, a crystalline compound stable in aqueous solution, represents a new 
type of biological alkylating agent of antitumour activity, not only since it may be 
considered as a sugar derivative, but also because in contrast to “‘ nitrogen mustard ”’ and 

* Haworth, Jones, Stacey, and Wiggins, /J., 1944, 61. 

* Haskins, Hann, and Hudson, J. Amer. Chem. Soc., 1943, 65, 1419. 

® Gensler and Thomas, J. Amer. Chem. Soc., 1951, 78, 4601. 


® Kellner, Németh, and Sellei, Naturwiss,. 1955, 42, 482; Sellei, Eckhardt, Hartai, and Dumbovich, 
Lancet, 1956, 785; Kellner and Németh, Z. Krebsforsch., 1956, 61, 165. 
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its derivatives, it contains two secondary nitrogen atoms. Although 2-chloroethyl deriv- 
atives with one secondary nitrogen have been described,!® these had no cytoactivity. 
Since the hydroxyl-free analogue (IX) proved inactive, the presence of hydroxyl groups 
seems indispensable for cytoactivity in this type of compound. 


EXPERIMENTAL 

6-Dideoxy-6-ethyleneimino-1 : 2-O-isopropylidene-D-glucofuranose (II).—To a suspension in dry 
ether (25 ml.) of 5 : 6-anhydro-1 : 2-O-isopropylidene-p-glucofuranose ® (I) (10 g.), ethyleneimine 
(15 ml.) was added. After 4 days at room temperature the solvent was removed. The syrupy 
residue solidified slowly and was recrystallised from hot benzene. The imine (8 g.) was readily 
soluble in water, ethanol, or chloroform, but insoluble in light petroleum) and had m. p. 131— 
132°, [a]? +17-1° (c 2-916 in CHCI,), —8-0° (c 2-534 in H,O) (Found: C, 54-9; H, 7-85; N, 5-6. 
C,,H,,0,N requires C, 55-1; H, 7-8; N, 5-7%). 

1 : 6-Dideoxy-1 : 6-diethyleneimino-3 : 4-O-isopropylidene-D-mannitol (IV).—1 : 2-5 : 6-Di- 
anhydro-3 : 4-O-isopropylidene-p-mannitol # (III) (20 g.), mixed with ethyleneimine (30 ml.), 
gradually became warm. The temperature was kept below 50°. After being kept overnight, 
the ethyleneimine was distilled under reduced pressure and the syrupy residue evaporated twice 
with methanol under reduced pressure to remove traces of ethyleneimine. The thick syrup 
was purified by dissolution in absolute ether, filtration, and evaporation under reduced pressure. 
Attempts to obtain the substance crystalline failed. It is readily soluble in water, benzene, and 
ethanol, and has [a]? + 51-6° (c 1-835 in CHCI,). 

1 : 6-Di-(2-chloroethylamino)-1 : 6-dideoxy-p-mannitol Dihydrochloride (V).—The crude deriv- 
ative (IV) (20 g.) was added in methanol (20 ml.) slowly with stirring at 0° to concentrated 
hydrochloric acid (80 ml.). Slow crystallisation took place. Next day the mixture was kept at 
0° for some hours, the precipitated salt was filtered off, washed with cold concentrated hydro- 
chloric acid and with 80% ethanol, dried under reduced pressure (KOH), and recrystallised 
from 75—80% ethanol (yield 20 g.). The salt was soluble in water, slightly so in ethanol, but 
insoluble in other organic solvents, and had m. p. 239—241° (decomp.), [a]%? + 18-46° (c 1-812 
in H,O) (Found: C, 31-6; H, 6-5; N, 7-65; Cl, 37-5; Cl", 185. CyoH,,O,N,Cl, requires 
C, 31-7; H, 6-4; N, 7-4; Cl, 37-5; Cl-, 18-75%). The aqueous solution is stable for weeks 
without a considerable rise of the chloride ions. 

To a solution of the dihydrochloride (0-945 g.) in water (3 ml.), 2-0N-sodium hydroxide 
(2-5 ml.) was added with cooling by ice. On rubbing, a white crystalline precipitate appeared 
immediately. The base (0-6 g.) was slightly soluble in water, ethanol, and pyridine, and shrinks 
above 250°, decomposing at 278° (Found: C, 39-2; H, 7-1; N, 9-3; Cl, 23-2. C,9H,,0,N,Cl, 
requires C, 39-35; H, 7-3; N, 9-2; Cl, 23-2%). Aqueous-ethanolic hydrochloric acid reconverts 
it into the dihydrochloride, m. p. 239—241°. 

1 : 6-Dideoxy-1 : 6-di-(2-hydroxyethylamino)-2 : 3-4 : 5-di-O-methylene-p-mannitol (VII).— 
2:3: 4: 5-Di-O-methylene-p-mannitol 1 : 6-ditoluene-p-sulphonate * (VI) (4 g.) and ethanol- 
amine (10 g.) were heated at 150—160° for 8 hr. After cooling, the mixture was warmed with 
a solution of barium hydroxide (5 g. of hydrate) in water (40 ml.) for 30 min. at 90—95°, 
water and excess of ethanolamine were removed at 1—3 mm., and the residue was extracted 
with propan-2-ol (4 x 50 ml.). Attempts to crystallise the brown syrup (2 g.) obtained on 
evaporation of the propan-2-ol solution were unsuccessful. Treating the syrup in absolute 
ethanol with oxalic acid gave a di(hydrogen oxalate), m. p. 190° (decomp.) (from aqueous 
ethanol), m. p. 190°, [a9 +32-6° (c 0-411 in H,O) (Found: C, 40-8; H, 5-9; N, 5-8. 
C,,H,,0;,N, requires C, 40-7; H, 5-9; N, 5-9%). 

1 : 6-Di-(2-chloroethylamino)-1 : 6-dideoxy-D-mannitol Dihydrochloride (V) from (VII).— 
Crude 1: 6-dideoxy-1 : 6-di-(2-hydroxyethylamino)-2 : 3-4 : 5-di-O-methylene-p-mannitol (VII) 
(1-8 g.) was evaporated to dryness with n-hydrochloric acid (16 ml.) under reduced pressure, and 
the residue treated with thionyl chloride (20 ml.) to yield a clear liquid (30 min. at 65°). After 
removal of the thionyl chloride under reduced pressure, the residual dark amorphous product 
was boiled with 10% hydrochloric acid for 16 hr. to remove the methylene groups, then treated 
with carbon, and evaporated under reduced pressure. The solid residue, recrystallised (carbon) 
from 70% ethanol, gave the salt (0-3 g.), m. p. and mixed m. p. 240—242°, [a]? + 18-6° (c 1-80 
in H,O) (Found: C, 31-6; H, 6-4; N, 7-5; Cl, 37-45; Cl-, 18-5%). 

10 Wilson and Tishler, ]. Amer. Chem. Soc., 1951, 78, 3635. 








[1957] Derivatives of Potential Antitumour Activity. Part I. 809 


1 : 6-Dideoxy-1 : 6-di-(2-hydroxyethylamino)-di-O-benzylidene-D-mannitol.—Di-O-benzylidene- 
pD-mannitol | : 6-ditoluene-p-sulphonate 7 (5 g.) was heated with ethanolamine (30 ml.) for 8 hr. 
at 150—160°, excess of ethanolamine removed at 1—2 mm., and the residue heated with barium 
hydroxide (5 g. of hydrate) in water (100 g.) on the water-bath for 30 min. and evaporated to 
dryness. The residue was extracted with propan-2-ol (3 x 100 ml.), and the solvent removed, 
giving 3-3 g. of asyrup, which in absolute ethanol gave a di (hydrogen oxalate), decomp. 212—214° 
(from aqueous propan-2-ol), [x]? +49-3° (c 0-772 in H,O) (Found: C, 53-5; H, 5-9; N, 4-2. 
C.3H3,0,,N, requires C, 53-8; H, 5-8; N, 45%). 

The crude product (3 g.) was boiled for 15 min. with thionyl chloride (30 ml.), then the 
thionyl chloride was removed under reduced pressure, the residue boiled with 5% hydrochloric 
acid (50 ml.) for 10 min., treated with carbon, and evaporated under reduced pressure. The 
solid residue of the salt (V) (0-7 g.), recrystallised from 70% ethanol, had m. p. and mixed m. p. 
239—241° (decomp.), [«]? + 18-4° (c 1-82 in H,O) (Found: N, 7-2; Cl, 37-4; Cl-, 18-55%). 

1 : 6-Di-(2-hydroxyethylamino) hexane.—1 : 6-Dichlorohexane ®§ (40 g.) was added dropwise 
to ethanolamine (100 ml.) at 120—130° with stirring for 20 min. The mixture was kept at 
150—160° for 6 hr., cooled, treated with sodium hydroxide (25 g.) in methanol (500 ml.), and 
kept for several hours at 0°. The precipitated sodium chloride was filtered off, the methanol 
removed by distillation, and the residue fractionated: ethanolamine was followed at 185— 
195°/8 mm. by the diamine (17 g.), m. p. (from ethanol) 78—80° (Found: C, 58-5; H, 12-05; 
N, 13-3. Cy 9H,,O,N, requires C, 58-8; H, 11-8; N, 13-7%). 

1 : 6-Di-(2-chloroethylamino)hexane.—1 : 6-Di-(2-hydroxyethylamino)hexane (10 g.) was 
boiled for 100 min. with thionyl chloride (100 ml.), the latter was removed under reduced 
pressure, the residue rubbed with propan-2-ol, and the dark powder filtered off, washed with 
propan-2-ol, and extracted with hot propan-2-ol (2 1.) (carbon). After 20 hr. at 0°, the 
precipitated dihydrochloride (IX) was filtered off. The crude product was extracted twice more 
with the mother-liquor from this salt. The product (total yield 4—5 g.) decomposed at 250—253° 
(Found: N, 8-85; Cl, 45-3; Cl-, 22-8. C,9H,,N,Cl, requires N, 8-9; Cl, 45-2; Cl-, 22.6%). 

1 : 2-Di-(2-chloroethylamino)ethane Dihydruchloride (X).—1 : 2-Di-(2-hydroxyethyl)ethane 14 
(6 g.) was stirred with thionyl chloride (50 ml.) at 15° for 20 min., then for an hour at 80—85°. 
Working up as in the preceding case gave the salt (total yield, 4—5 g.), decomp. at 210—212° 
(Found: N, 10-7; Cl, 55-1; Cl-, 27-9. C,.H,,gN,Cl, requires N, 10-85; Cl, 55-0; Cl-, 27-5%). 

N-2-Chloroethyl-D-gluconamide.—To a suspension of 2-chloroethylamine hydrochloride 
(18-47 g.) and p-gluconolactone (24-82 g.) in methanol (600 ml.), sodium methoxide (3-4 g. of 
sodium in 60 ml. of methanol) was added with stirring. After being kept overnight, the 
amide was filtered off, washed with water and methanol, and recrystallised from methanol. 
It (20 g.) had m. p. 144—145°, [«]?? + 28-18° (c 1-856 in H,O) (Found: C, 37-4; H, 6-4; N, 
5-3; Cl, 13-7. CgH,,O,NCI requires C, 37-3; H, 6-3; N, 5-4; Cl, 13-8%). 

NN’-Di-(2-chloroethyl)-D-saccharodiamide.—To a solution of the calcium chloride compound ™ 
of diethyl p-saccharate (3-54 g.) in methanol (63 ml.), were added 2-chloroethylamine hydro- 
chloride (5-1 g.), then slowly (ice-cooling) 2-0N-methanolic sodium methoxide (20-2 ml.). 
After filtration and storage at room temperature for 4 hr., the solvent was removed under 
reduced pressure, the residue treated with water (10 ml.), and the precipitate (2-26 g.) washed with 
water. Recrystallisation from methanol gave the amide, m. p. 173—174° (decomp.), slightly 
soluble in water, [a]? + 22-15° (c 0-50 in MeOH) (Found: C, 35-8; H, 5-6; N, 8-4; Cl, 21-3. 
C19H,,0,N,Cl, requires C, 36-0; H, 5-4; N, 8-4; Cl, 21-3%). 

NN’-Di-(2-chloroethyl)-D-mannosaccharodiamide.—To 2-chloroethylamine hydrochloride (3-48 
g.) and p-mannosaccharodilactone (1-6 g.) in water (5 ml.), 5-ON-sodium hydroxide (5-45 ml.) 
was added at 0° in portions. The dilactone dissolved, then the sparingly soluble diamide 
crystallised. When washed with water and recrystallised from methanol, it (1-6 g.) had m. p. 
179—180° (decomp.), [a}%? — 26-38° (c 0-50 in MeOH) (Found: C, 36-3; H, 5-7; N, 8-4; Cl, 
21-0. C4 9H,,0,N,Cl, requires C, 36-0; H, 5-4; N, 8-4; Cl, 21-3%). 


Thanks are offered to B. Dumbovich, M.D., for his interest. 


RESEARCH INSTITUTE OF THE PHARMACEUTICAL INDUSTRY, 
Bupapest VII, ROTTENBILLER v. 26, HUNGARY. (Received, July 30th, 1956.) 


11 D.R.P. 635,903. 
12 Heintz, Ann. Physik, 1858, 105, 231. 
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152. Synthesis of New Sugar Derivatives of Potential Antituwmour 
Activity. Part II.* Di-2-(chloroethyl)-p-glucosamine Hydrochloride. 


By L. Varcua, 0. Feuér, and S. LENDVAI. 


For study of its possible tumour-inhibiting action N-di-2-(chloroethyl)-p- 
glucosamine hydrochloride has been synthesized from tetra-O-acetyl-p-glucos- 
amine. 


1 : 6-D1-(2-CHLOROETHYLAMINO)-1 : 6-DEOXY-D-MANNITOL DIHYDROCHLORIDE * showed in 
animal tests and in clinical experience significant antitumour action and cytoactivity. 
Accordingly, it seemed desirable to prepare sugar derivatives carrying the di-(2-chloro- 
ethyl)amino-group characteristic of ‘‘ nitrogen mustards.” Natural D-glucosamine was 
chosen as starting material. According to Quastel,! p-glucosamine itself possesses tumour- 
inhibiting activity, but this has not been confirmed by Lettré? or by Németh and Sellei.* 
In order to obtain the NN-di-(2-chloroethyl) derivative (IV), tetra-~O-acetyl-p-glucos- 
amine ‘ (I) was treated with ethylene oxide to give the NN-di-(2-hydroxyethyl) derivative 
(II), which was converted by thionyl chloride into the NN-di-(2-chloroethyl) ‘derivative 


CH,*OAc CH," OH CH,*OH 
° ° ° 
HA OAc HA. OH HA OH 
A OH H 
Aco NAS HO NG" HO H ¢- 
H NR, H  *NH(CH,+CH,Cl), H +N-CH,-CH,CI 
G) 828 ci- H,C— CH, 


(II) R = CH,+CH,*OH 
(ITI) R = CH,*CH,CI 
(VI) R= CH,* CH,*O*SO,° Me 


(IV) (V) 


(III). Both compounds were isolated in homogeneous crystalline form. The usual 
methods for removing acetyl groups requiring an alkaline medium were not applicable 
owing to the sensitivity of the carbon-chlorine bonds. However, hydrolysis by hydro- 
chloric acid gave fair yields. The structure of NN-di-(2-chloroethyl)-p-glucosamine 
hydrochloride (IV) obtained in this way is confirmed by analysis and by reconversion into 
the tetra-acetate (III). Although the derivative (IV) did not mutarotate in water, its 
methanolic solution showed rising mutarotation, indicative of the ®-configuration. When 
mutarotation stopped, the product was recovered unchanged, confirming that the muta- 
rotation is due to anomerisation. 

The compound (IV), on treatment with phenylhydrazine, loses the tertiary amine 
group, yielding D-glucosazone, just as glucosamine does. 

Although the aqueous solution of 1 : 6-di-(2-chloroethylamino)-1 : 6-deoxy-p-mannitol 
dihydrochloride was stable for months, that of the glucosamine derivative (IV) altered in 
several days, in that about half of the chlorine was converted into chloride ions, presumably 
with formation of the iminium cation (V) : Hanby and his co-workers demonstrated 5 the 
conversion of tertiary 2-chloroethylamine derivatives into ethyleneiminium cations in 
aqueous solution. 

Attempts were made to prepare also the methane- and toluene-p-sulphonyloxy-deriv- 
atives analogous to (IV) in the hope of finding them also cytoactive. The compound (II) 


* Part I, preceding paper. 

1 Quastel, Nature, 1953, 171, 252. 

? Lettré, Naturwiss., 1953, 40, 513. 

3 Personal communication. 

* Bergmann and Zervas, Ber., 1931, 64, 975. 

* Hanby, Hartley, Powell, and Rydon, /J., 1947, 519. 
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with methanesulphonyl chloride gave the expected diester derivative (VI), but with 
toluene-p-sulphonyl chloride the hydroxyl groups were replaced by chlorine.* Efforts to 
remove the acetyl groups from the dimethanesulphonate (VI) were unsuccessful. 

According to the tests carried out by Kellner and Németh,’ NN-di-(2-chloroethyl)-p- 
glucosamine hydrochloride is almost as toxic as “‘ nitrogen mustard,” its lethal dosage being 
5 mg./kg. for rats, 8—10 mg. /kg. for mice, the symptoms being similar to those of “‘ nitrogen 
mustard.” Daily doses of 2 mg. applied for a week showed 50% inhibition of growth of 
Guerin tumour. However, the experimental animals died in ten days. 


EXPERIMENTAL 


Tetva-O-acetyl-N-di-(2-hydroxyethyl)-D-glucosamine (II).—To an aqueous solution (529 g.) 
containing ethylene oxide (188 g.), tetra-O-acetyl-p-glucosamine (I) (39-3 g.) was added at 
10—15°. The mixture was kept for 9—12 days at 10—15°, then evaporated to about 100 ml. 
under reduced pressure, and the precipitate was filtered off (23—26 g.). The product had m. p. 
131-5—132-5°, [a]? +38-6° (c 1-0 in CHCI,), after recrystallization from ethanol (Found: C, 
49-8; H, 6-8; N, 3-2. C,,H,,0O,,N requires C, 49-7; H, 6-7; N, 3-2%). 

Tetra-O-acetyl-N-di-(2-chloroethyl)-D-glucosamine (III).—(a) To a solution of the foregoing 
(II) (10 g.) in chloroform (80 ml.) and pyridine (7-5 ml.) at 0°, thionyl chloride (10 ml.) was added ; 
the mixture was boiled for 5 hr. and the solvent distilled off under reduced pressure. The 
residue was mixed with ice-water, the water discarded, and this procedure repeated several 
times, gives a crystalline amine (10-23 g.) which, recrystallized from ethanol, had m. p. 103— 
104°, [a]? +-39-1° (c 1-0 in CHCI,) (Found: C, 46-0; H, 5-8; N, 3-0; Cl, 15-1. C,gH,,O,NCI, 
requires C, 45-8; H, 5-8; N, 3-0; Cl, 15-0%). 

(6) To tetra-O-acetyl-N-di-(2-hydroxyethyl)-p-glucosamine (0-22 g.) in pyridine (1-1 ml.), 
toluene-p-sulphonyl chloride (0-24 g.) was added and the mixture was kept for 2 hr. at 20—25°, 
then heated on the water-bath for 30 min. Pouring the mixture on ice, filtering off the 
precipitate (0-1 g.), and recrystallizing it from ethanol, gave a product m. p. 102—104°, identical 
(analysis; mixed m. p.) with that obtained as in (a). 

Tetra-O-acetyl-N-di-(2-methanesulphonyloxyethyl)-D-glucosamine (VI).—To tetra-O-acetyl-N- 
di-(2-hydroxyethyl)-p-glucosamine (1 g.) in pyridine (2-5 ml.), methanesulphonyl chloride 
(0-89 g.) was added at 0°. The mixture was kept for 10 min. at 0° and for 45 min. at 20—25°, 
then poured on ice; the precipitated ester was filtered off, mixed with methanol (2-4 ml.), again 
filtered, and dried (yield 1-06 g.); it had m. p. 125—127° (decomp.), [a]?? +18-8° (c 1-0 in 
CHCI,) (Found: N, 2-3; S, 10-8. C,9H3,0,;NS, requires N, 2-4; S, 10-8%). 

N-Di-(2-chloroethyl)-p-glucosamine Hydrochloride (IV).—Tetra-O-acetyl-N-di-(2-chloroethy])- 
p-glucosamine (10 g.) in concentrated hydrochloric acid (95 ml.) was kept for 7—8 hr. at 50°, 
then evaporated under reduced pressure, and the residue mixed with acetone. The precipitated 
crystals (6-9 g.) were filtered off, dissolved in acetone (41 ml.) containing 20% of water, clarified 
(carbon), and diluted with small portions of acetone (total 83 ml.). The resulting white needles 
were collected (4-27 g.). From the mother-liquor, a further 1-33 g. of the substance were 
recovered. The substance contains 3 mols. of water. At 60°/0-5 mm. it loses 12-6% in weight. 
The hydrate has m. p. 75-5—76-5°, [a]? + 25-4° (c 1-14 in MeOH) after 10 min., + 42-3° after 8 hr. 
(Found: C, 30-6; H, 6-6; N, 3-45; Cl, 27-1; Cl-, 8-8; H,O, 12-6. C,9H,,0;NCI,,3H,O 
requires C, 30-4; H, 6-6; N, 3-55; Cl, 26-95; Cl-, 9-0; H,O ,13-7%). 

The needles are converted in acetone containing 10% of water, in several days, into thick 
prisms without change in analytical values, m. p., or rotation. These prisms, however, at 
60°/0-5 mm. lose only 2-2% of water. In aqueous solution the chloride ion content rose from 
8-8% to 17-7% in 7 days. 

A solution of the salt (IV) (0-2 g. of hydrate) in pyridine (1 ml.) containing acetic anhydride 
(0-6 ml.) was kept at 20—25° for 24 hr., then poured on ice. On recrystallization from absolute 
ethanol, the acetate had m. p. 102—104°, and on the basis of analysis, m. p., mixed m. p., 
and rotation, was indentical with the tetra-O-acetyl-N-di-(2-chloroethyl)-p-glucosamine 
prepared as above. 


* Cf. Tipson, Adv. Carbohydrate Chem., 1953, 8, 121. 
7 Kellner and Németh, personal communication. 
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A solution of the salt (IV) (0-5 g. of hydrate), phenylhydrazine hydrochloride (1 g.), and 
sodium acetate (1-5 g.) in water (10 ml.) was heated for 20 min. on the water-bath; the 
precipitate, recrystallized from ethanol, had m. p. 202—205° (decomp.) alone or mixed with 
glucosazone. The osotriazole prepared from the product had m. p. and mixed m. p. identical 
with that of phenyl-p-glucosotriazole (195—196°) obtained from authentic glucosazone. 


Thanks are offered to B. Dumbovich, M.D., for his interest. 


RESEARCH INSTITUTE OF THE PHARMACEUTICAL INDUSTRY, 
BupapEst, VII, ROTTENBILLER v. 26, HUNGARY. [Received, July 30th, 1956.] 


153. A Search for New Trypanocides. Part IV.* Some Derivatives 
of 4-Amino-6-aminomethylquinaldine and 1 : 2-Di-(4-aminoquinald-6- 


yl)ethylene. 
By J. N. AsHLey and M. Davis. 


NN’-Di-(4-aminoquinald-6-ylmethy])urea (Id), 1 : 3-di-[(4-aminoquinald- 
6-ylmethyi)amino]propane (Ie), 2-amino-4 : 6-di-[(4-aminoquinald-6-ylmeth- 
yl)amino]-1: 3: 5-triazine (If), 4-amino-6-[(4-aminoquinald-6-ylmethy])- 
amino]quinaldine (Ig), 1 : 2-di-(4-aminoquinald-6-yl)ethylene (Ih), 2 : 3-di-(4- 
aminoquinald-6-yl)but-2-ene (Ii), and several of their derivatives and 
quaternary salts have been prepared as potential trypanocides. 


In recent years, trypanocidal activity has been reported for many symmetrical quinoline 
derivatives of type (I) in which two 4-aminoquinaldine residues are joined at the 6-position 
by various chains or cyclic groups. Compounds most extensively examined include 
ac-di-(4-aminoquinald-6-ylamino)alkanes (Ia), ««-di(4-aminoquinald-6-yloxy)alkanes (Ib), 


x Xx 
LN NH (a) NH-[CH,],."-NH N 
JZ x S Sea (f) CHyNHZ NH-CH 
(c) NH*CO-[CRR’],;CO-NH — 6 2 
(d) CH,-NH-CO-NH-CH, NY WN 
Me zMe (e) CH,-NH-[CH,],-NH-CH, NH, 
(I) 3 CH CH 
ti CMe = CMe 
R’ NHR 
RHN- HC = CH,-NR ~~ 
ZaMe R’ | zMe 
N N 
(II) (IIT) 
R” NHR R R 
CH,*NR* | S ad CR=CR’ S 
Mes aMe Mew Me 
N N N N 
(IV) (V) 


and the diamides (Ic) of 4 : 6-diaminoquinaldine with various dicarboxylic acids.1_ Many 
derivatives of 4-aminoquinaldine joined in the 6-position to heterocyclic compounds such 
as 2:4: 6-triamino-l : 3: 5-triazine or 2 : 4-diamino-6-methylpyrimidine have exhibited 
high trypanocidal activity,2 and symmetrical azo-compounds, ureas, thioureas, and 


* Part III, J., 1956, 3739. 
1 Jensch, Z. angew. Chem., 1937, 50, 891; Pratt and Archer, ]. Amer. Chem. Soc., 1948, 70, 4065; 
Goble, ]. Pharmacol., 1950, 98, 49. 
* Barrett, Curd, and Hepworth, J., 1953, 50. 
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guanidines derived from 4 : 6-diaminoquinoline, and linked through the 6-position, have 
been studied by Keneford e¢ al.3 

We have sought to extend this work and have prepared a number of compounds contain- 
ing two 4-aminoquinaldine nuclei connected in the 6-position by various linkages. The 
2-methyl group in the quinoline nucleus has been retained in all the compounds synthesised 
since it has been shown to be essential for high activity. In one series of compounds 
derived from 1 : 2-di-(4-aminoquinald-6-yl)ethylene (Ih) the effect of replacing the 4-amino- 
group by other substituents has also been examined. 

It was decided at first to synthesise several homologues of known trypanocides employ- 
ing 4-amino-6-aminomethylquinaldine in place of 4: 6-diaminoquinaldine. The required 
quinaldine was readily obtained by the Conrad—Limpach method from N-4-aminobenzyl- 
acetamide, which was prepared by catalytic reduction of the known N-4-nitrobenzyl- 
acetamide. The resulting 6-acetamidomethyl-4-hydroxyquinaldine (II; R= Ac, R’ = 
OH) was methylated to give the 4-methoxy-compound (cf. Pratt and Archer *) and this 
was fused with ammonium acetate yielding, after hydrolysis, 4~amino-6-aminomethyl- 
quinaldine (II; R=H, R’ = NH,). The diamino-derivative reacted normally with 
carbonyl chloride, trimethylene dibromide, and 2-amino-4 : 6-dichloro-] : 3 : 5-tri- 
azine, forming respectively NN’-di-(4-aminoquinald-6-ylmethyl)urea (Id), 1 : 3-di{(4 
aminoquinald-6-ylmethyl)amino|propane (Ie), and 2-amino-4 : 6-di-[(4-aminoquinald-6-yl- 
methyl)amino}]-1 : 3: 5-triazine (If). With methyl dichloroacetate, the dichloroacetyl 
derivative (II; R = CO-CHCl,, R’ = NH,) was formed. In the presence of sodium 
carbonate, methyl iodide gave the bisquaternary compound, 4-amino-6-dimethylamino- 
methylquinaldine bismethiodide. The monoquaternary salt, 4-amino-6-aminomethyl- 
quinaldine methiodide was produced when the 6-acetyl derivative was treated with methyl 
iodide and then hydrolysed with hydriodic acid. 

Another compound prepared (Ig) consisted of a 4-amino-6-methylquinaldine and a 4 : 6- 
diaminoquinaldine linked together through the 6-position. It is thus related to both the 
known trypanocides of type (Ia) and the homologous compound (Ie) described above. 
Condensation of 4-nitrobenzyl chloride with 4 : 6-diaminoquinaldine gave 4-amino-6-4’- 
nitrobenzylaminoquinaldine (III; R =H, R’ = NO,) which was acetylated and then 
reduced catalytically to 4-acetamido-6-(N-4-aminobenzylacetamido)quinaldine (III; R = 
Ac, R’ = NH,). Application of the Conrad—Limpach reaction to the latter base afforded 
4-acetamido-6-[N-(4-hydroxyquinald-6-ylmethyl)acetamido]quinaldine (IV; R= R’ = 
Ac, R’ =OH). The corresponding 4-chloro-compound (IV; R = R’ = Ac, R” = Cl) 
showed unusual stability. Thus, the 4-chloro-group was unaffected during the hydrolysis 
of the acetyl groups by 2N-hydrochloric acid at 100°, whilst treatment with alcoholic 
ammonia at 120° resulted only in the loss of Gne acetyl group, giving probably (IV; R = 
H, R’ = Ac, R” = Cl). However, replacement of the chloro-group was readily effected 
by heating the compound with ammonia in phenol.’ Hydrolysis of the product then gave 
the dihydrochloride of the required 4-amino-6-[(4-aminoquinald-6-ylmethyl)amino]- 
quinaldine (Ig). 

In the aromatic diamidine series, high trypanocidal activity is retained when a central 
chain -O-[CH,)],°O* is replaced by the unsaturated linkage, -CH:CH>. We therefore 
investigated the corresponding quinaldine (Ih). To this end, 4: 4’-diaminostilbene was 
submitted to the usual Conrad—Limpach condensation and the resulting 1 : 2-di-(4-hydroxy- 
quinald-6-yl)ethylene (V; FE =OH, R’ =H) was methylated and then fused with 
ammonium acetate, yielding 1 . 2-di-(4-aminoquinald-6-yl)ethylene (Ih). In order to study 
the effect of substitution in the amino-groups, the 4 : 4’-dichloro-compound (V; R = Cl, 
R’ = H) was condensed with a number of primary and secondary amine$ to form the 


3 Keneford, Lourie, Morley, Simpson, Williamson, and Wright, J., 1952, 2595. 

* Jensch, Annalen, 1950, 568, 73. 

5 Backenberg and Marais, J., 1942, 381; Albert, Brown, and Duewell, /., 1948, 1284. 
* Ashley, Barber, Ewins, Newbery, and Self, J., 1942, 103. 
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corresponding secondary and tertiary bases (see Table), most of which were converted into 
quaternary salts. 

It has also been demonstrated in the diamidine series that replacement of the central 
CH:CH linkage by CMe:CMe causes a marked increase in activity against T. congolense.’ 
The related quinaldine (Ii) was therefore similarly prepared from acetoacetic ester and 
2 : 3-di-(p-aminophenyl)but-2-ene,® the final amination being effected in this case by 
ammonia-—phenol treatment of the chloro-compound (V; R = Cl, R’ = Me). 


1 : 2-Di-(4-R-quinald-6-yl)ethylenes. 








No R Derivative Conditions Yield (%) M. p. Form 
l NHMe Base ¢ 150°; 16 hr. 100 340° * Rect. plates 
2 2HCl — - — 
3 2Me,SO, 3 hr. 74 _ _— 
4 NHEt Base ¢ 150—160°; 20 hr. 79 320—325 * Prisms 
5 2HCl -- - “> —- 
6 2Me,SO, * 9 hr. 52 >340 Blades 
7 NEt, Base? 185°; 20 hr. 74 152—154 Prisms 
Cu bronze added 
8 - 2HC1¢ —_— - 316—320 * Prisms 
9 — 2Me,SO, 2 hr. 64 — -_ — 
10 NH {CH,),-NEt, Base 160°; 20 hr. 79 224226 amis 
Cu bronze added 
11 — 4HCl — - — — 
12 - 4Me,SO, 3 hr 78 — —_ 
13 Piperidino Base ¢ 185°; 7 hr. 80 242 Prisms 
14 - 2HCI aa - - _- 
15 - 2Me,SO, 3 hr. 76 150—152 Plates 
16 Piperazino Base 4 185°; 20 hr 71 Softens > 240° — 
17 a 4HCl — — — — 
Found (%) Required (%) 
a eee a — mai = SE my 
No Formula Cc H N Cl H,¢ Cc H N Cl H,O 
l C,,H.,N,,H,O 74:5 7-2 14-1] — — 746 #68 145 — — 
2  C,,H,,N,,2HC1,H,O oo - Deut - —- = Be Me 
3 C.gHs,0,N,S2 — — 8-9 - — — — 90 — — 
4 C,H, ,N,,0-5H,O 76-7 7-2 13-8 — 17 770 72 # 13-8 — 2-2 
5 C,,H..N,,2HC1,H,O _- = 11-6 14-6 — — — 11-5 146 _ 
6 — CypHyoOgN,Se — = 6 wee — le ee es 
7 Ci HN, 79-4 8-0 12-2 — - 794 80 12-4 — — 
8 C39H;,.N,,2HCl — — 10-9 13-35 — — — 10-7 13-5 — 
9 C3gHysO,N,S, — — 8-2 - — — —_ 8-0 — — 
10 CogHeeNe 76-1 85 15-7 - — We 66 we — — 
ll C,,H,,.N,,4HCl 12-4 20-75 - — — 12-3 20-8 -- 
12 CagH QO 6N 654 — — 8-3 - - — — 8-1 — — 
13 CysHygN,,H,O 77-95 815 11:3 34 780 78 14 — 37 
14  Cy,H,,N,,2HCI,H,O on s- Mee CC " 99 125 — 
15 C3gH,.O,N,S, — — 7:8 - — — — 7:7 — — 
16 C39H,,N 5,H,O 72-8 7-1 16-2 — - 726 7:1 169 — — 
17 CyH3,N,,4HC13H,O  - . 206 ime as 123 211 — 


* Recryst. from EtOH. °* Recryst. from light petroleum (b. p. 40—60°). ¢* Recryst. from 
C,H,. ¢ Recryst. from CHCl,. * Recryst. from dimethylformamide. * With decomp. 


These compounds were examined in our Biological Research Laboratories, and it was 
found that, although some of the compounds effected cures in mice infected with 
T. rhodesiense and one or two were active against T. congolense, none was as active as any of 
the usually employed trypanocidal agents. 


EXPERIMENTAL 


N-4-Nitrobenzylacetamide (cf. Amsel and Hofman *).—N-Benzylacetamide (190 g.) was 
slowly added to fuming nitric acid (d 1-5; 475 ml.) which was stirred and cooled in a freezing 


7 Fulton and Yorke, Ann. Trop. Med. Parasitol., 1942, 36, 131; 1943, 37, 80, 152; Wien, Brit. J. 
Pharmacol., 1946, 1, 65. 

§ Allen and Corwin, ]. Amer. Chem. Soc., 1950, 72, 114. 

* Amsel and Hofmann, Ber., 1886, 19, 1284. 
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mixture, so that the temperature did not exceed 35°. The solution was kept for 10 min., ice 
(950 g.) was added, and concentrated aqueous ammonia was introduced slowly, the temperature 
being kept at <25°, until the mixture was alkaline to phenolphthalein. The precipitate was 
filtered off and recrystallised from water (charcoal), giving 128 g. (52%) of product, m. p. 130— 
131°. 

N-4-A minobenzylacetamide.—N-4-Nitrobenzylacetamide (41 g.) in methanol containing 
platinum oxide (1-5 g.) was reduced catalytically. The filtered solution was evaporated, and 
the residue was triturated with ether-light petroleum (b. p. 40—60°), to give N-4-aminobenzyl- 
acetamide (34-1 g., 98%; m. p. 90—96°) which separated from benzene or from chloroform—ether 
in plates, m. p. 99—101° (Found: N, 17-1. C,H,,ON, requires N, 17-2%). 

Ethyl yy-p-Acetamidomethylanilinocrotonate—N-4-Aminobenzylacetamide (56 g.) and ethyl 
acetoacetate (56 g.) in ethanol (280 ml.) containing a few drops of concentrated hydrochloric 
acid were refluxed on the steam-bath overnight and then set aside. The crotonate (19-1 g.) which 
separated crystallised from ethyl acetate and aqueous methanol in needles, m. p. 113° (Found : 
C, 65-35; H, 7-1; N, 10-3. C,;H,,O,N, requires C, 65-25; H, 7-3; N, 10-15%). Evaporation 
of the original mother-liquors and repeated crystallisation of the residue from methanol and 
from ethyl acetate gave a further quantity of the crotonate (total yield 39-9 g.), m. p. >110°. 
It is important that the crotonate be reasonably pure before any attempt is made to 
cyclise it. 

6-A cetamidomethyl-4-hydroxyquinaldine.—Ethyl p-acetamidomethylanilinocrotonate (46 g.) 
was added during several minutes to stirred boiling Dowtherm (300 ml.), and boiling was 
continued for a further 10 min. After being cooled, the mixture was filtered, and the product 
was washed with benzene and purified by trituration with a little warm alcohol, cooling, and 
dilution with ether (yield 68%); it was pure enough for methylation. The pure product 
crystallised from ethanol in plates, m. p. 277° (Found: N, 12-15. C,,;H,,O,N, requires N, 12-2%). 

6-A cetamidomethyl-4-methoxyquinaldine.—Finely powdered 6-acetamidomethyl-4-hydroxy- 
quinaldine (17 g.) and methyl sulphate (10-2 g.) were stirred under reflux in boiling dry toluene 
(100 ml.) for 3 hr. After being cooled, the toluene was decanted and the residue washed with 
ether, dissolved in hot water (100 ml.), and basified with 2N-sodium hydroxide. The 6-acet- 
amidomethyl-4-methoxyquinaldine was filtered off and recrystallised from boiling water (charcoal) 
in needles (11-85 g., 66%), m. p. 170—172° (Found: N, 11-3. C,,H,,0,N, requires N, 11-5%). 

6-A cetamidomethyl-4-aminoquinaldine.—The 4-methoxy-compound (11-85 g.) and ammonium 
acetate (60 g.) were heated at 140° for 3 hr. The clear solution was diluted with a little water 
and basified with concentrated sodium hydroxide solution, and the precipitate was filtered off 
and washed with water. Recrystallisation from water (charcoal) gave 6-acetamidomethyl-4- 
aminoquinaldine (9-1 g., 82%) in plates, m. p. 239—240° (Found: C, 67-9; H, 6-6; N, 17-9. 
C,,;H,;ON, requires C, 68-0; H, 6-6; N, 18-3%). The methiodide, prepared by using methyl 
iodide in boiling methanol, crystallised from methanol in prisms, m. p. 264—266° (decomp.) 
(Found : N, 11-3; I, 33-8. C,,H,,ON,I requires N, 11-3; I, 34-2%). 

4-Amino-6-aminomethylquinaldine.—6-Acetamidomethyl-4-aminoquinaldine (9-1 g.) was 
heated with concentrated hydrochloric acid (70 ml.) in water (30 ml.) on the steam-bath over- 
night. The solution was cooled and the dihydrochloride (9-5 g., 92%) was filtered off and washed 
with alcohol; it crystallised from dilute hydrochloric acid—acetone in needles, m. p. >360° 
(Found: N, 15-7; Cl, 26-4; H,O, 1-8. C,,H,,;N;,2HC1,0-25H,O requires N, 15-9; Cl, 26-8; 
H,O, 1-7%). The free base crystallised from chloroform in prisms, m. p. 215—216° (Found : 
C, 70-6; H, 6-8; N, 22-3. C,,H,,N, requires C, 70-6; H, 7-0; N, 22-45%). The 6-dichloro- 
acetyl derivative was prepared by boiling a solution of the base with methyl dichloroacetate in 
alcohol for 1 hr.; recrystallised from chloroform, it had m. p. 215—217° (Found: N, 14:3; Cl, 
23-1. C3;H,;ON,Cl, requires N, 14-1; Cl, 23-8%). 

4-Amino-6-aminomethylquinaldine Methiodide Hydriodide.—6-Acetamidomethyl-4-amino- 
quinaldine methiodide (2 g.) was heated with 25% hydriodic acid (15 ml., freshly distilled) on 
the steam-bath for 20 hr., then cooled and filtered, and the residue washed with acetone. The 
methiodide hydriodide crystallised from methanol in narrow prisms, m. p. 279—281° (Found: N, 
8-7; I, 53-4. C,,H,.N;I,HI,H,O requires N, 8-8; I, 53-4%). 

Methylation of 4-Amino-6-aminomethylquinaldine.—The base (1-12 g.) was boiled with methyl 
iodide (30 ml.) and sodium carbonate (0-636 g.) in methanol (30 ml.) for 22 hr. The precipitate 
(2-55 g.) was filtered off and crystallised from methanol, yielding 4-amino-6-dimethylamino- 
methylquinaldine dimethiodide (2-2 g.), m. p. 276—278° (Found: C, 34-8; H, 4:5; N, 7-9; I, 
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50-8; N-Me, 11-2. C,,H,,;N;I,,H,O requires C, 34-8; H, 4-9; N, 8-1; I, 49-1; N-Me, 11-6%). 
In absence of sodium carbonate, methylation was incomplete. 

1 : 3-Di-[(4-aminoquinald -6-ylmethyl)amino]propane.—4- Amino-6-aminomethylquinaldine 
(1-55 g.) and trimethylene dibromide (0-84 g.) were heated in alcohol (20 ml.) in a sealed tube at 
120° for 3hr. The contents of the tube were evaporated and the residue treated with aqueous 
sodium hydroxide. The gummy base which separated slowly hardened. It was filtered off, 
washed with water, and dissolved in alcohol, the resulting solution (after clarification with 
charcoal) being acidified with dilute hydrochloric acid and then evaporated to dryness under 
reduced pressure. Trituration of the residue with warm alcohol gave the hygroscopic 1 : 3-di- 
[(4-aminoquinald-6-ylmethyl)amino]propane tetrahydrochloride, decomp. >265° (Found: N, 12-2; 
Cl, 20-4; H,O, 18-1. C,;H39N,.,4HC1,7H,O requires N, 12-2; Cl, 20-7; H,O, 184%). The 
amorphous free base had m. p. 90—110° (Found: C, 66-7; H, 7-5; N, 18-35. C,;H3s9N,.,2H,O 
requires C, 66-6; H, 7-6; N, 18-6%). 

NN’-Di-(4-aminoquinald-6-ylmethyl)urea.—Carbony] chloride was passed for 1-25 hr. through 
a solution of 4-amino-6-aminomethylquinaldine (1-5 g.) and sodium acetate (1-5 g.) in hot water 
(50 ml.). The clear solution was then cooled and basified with ammonia, and the urea filtered 
off and washed with water. Recrystallisation from a large volume of water gave needles 
(0-93 g.), decomp. >255° (Found: C, 55-9; H, 6-3; N, 17-5. C,3H,,ON,,5H,O requires C, 
56-3; H, 7-0; N, 17-1%). The dihydrochloride formed hygroscopic needles, m. p. >360°, from 
a large volume of alcohol (Found: N, 17-0; Cl, 14-9; H,O, 3-7. C,3H,sON,,2HC1,H,O requires 
N, 17-1; Cl, 14-5; H,O, 3-7%). 

2-Amino-4 : 6-di-{(4-aminoquinald -6-ylmethyl)amino]-1 : 3 : 5-triazine —2-Amino-4 : 6-di- 
chloro-1 : 3 : 5-triazine (0-495 g.) was added to a solution of 4-amino-6-aminomethylquinaldine 
(1-12 g.) in nitrobenzene (10 ml.) at 160°. A precipitate commenced to separate almost 
immediately and, after being kept for 45 min. at 150—160°, the suspension was cooled, diluted 
with ether, and filtered, and the 2-amino-4 : 6-di-[(4-aminoquinald-6-ylmethyl)amino]-1 : 3 : 5- 
triazine dihydrochloride was recrystallised from alcohol, to yield 1-1 g., m. p. 270—280° (Found : 
N, 22-0; Cl, 11-1; H,O, 14-9. C,;HggN,9,2HCI1,5H,O requires N, 22-2; Cl, 11-3; H,O, 143%). 

4-Amino-6-4'-nitrobenzylaminoquinaldine.—4 : 6-Diaminoquinaldine (20 g.) and 4-nitro- 
benzyl chloride (20 g.) in dry alcohol (200 ml.) were boiled under reflux for 6 hr. The solution 
was treated with water (400 ml.), 2N-hydrochloric acid (100 ml.), and charcoal, and then boiled. 
The insoluble residue left after filtration of the hot mixture was re-extracted with boiling water. 
Treatment of the combined extracts with 2N-sodium hydroxide and crystallisation of the 
precipitate from methanol gave 4-amino-6-4’-nitrobenzylaminoquinaldine (15-75 g.), orange 
thombs, m. p. 199° (decomp.) (from chloroform) (Found: C, 62-0; H, 5-5; N, 17-2; H,O, 7-0. 
C,,H,,O,N,,1-25H,O requires C, 61:7; H, 5-6; N, 16-9; H,O, 69%). The hydrochloride 
crystallised from aqueous alcohol in yellow plates, m. p. 265—270° (decomp.) (Found: Cl, 10-6. 
C,;H,,0,N,,HCl requires Cl, 10-35%). The diacetyl derivative crystallised from chloroform-— 
benzene in pale yellow prisms, m. p. 234—236° (Found: C, 65-1; H, 5-1. C,,H..O,N, requires 
C, 64:3; H, 5-15%). 

4-A mino-6-4’-aminobenzylaminoquinaldine.—The above nitro-compound (2 g.) was reduced 
over platinum oxide in methanol at atmospheric temperature and pressure. Evaporation of the 
solution and crystallisation of the residue from chloroform gave the amine (1 g.) as colourless 
plates, m. p. 205—206° (Found : C, 73-2; H, 6-6. C,,H,,N, requires C, 73-4; H, 6-5%). 

4- Acetamido-6-N-4’-aminobenzylacetamidoquinaldine.—4-Acetamido-6-N-4’-nitrobenzylacet - 
amidoquinaldine (15-65 g.) was reduced over platinum oxide in methanol, at atmospheric 
temperature and pressure, and the residue obtained on evaporation of the solvent was repeatedly 
extracted with hot ethyl acetate. Concentration of the extracts gave 4-acetamido-6-N-4’-amino- 
benzylacetamidoquinaldine (10-1 g., m. p. >214°), colourless prisms, m. p. 221° (effervesces and 
loses solvent at 120—124°), from ethyl acetate [Found (after drying) : C, 70-0; H, 6-4; N, 15-45. 
C,,H,,0,N, requires C, 69-7; H, 6-1; N, 15-5%]. 

Ethyl y-p-[N-(4- Acetamidoquinald - 6- yl)acetamidomethyl)anilinocrotonate —The foregoing 
amino-compound (4-5 g.), ethyl acetoacetate (2 g.), and concentrated hydrochloric acid (1 drop), 
in alcohol (80 ml.), were heated under reflux for 18 hr. After distillation of the solvent, the 
residue was heated on the steam-bath for 1 hr., then extracted several times with boiling benzene 
(total 500 ml.), and the combined extracts were cooled and chromatographed over alumina. 
Elution with benzene gave the crotonate (3-15 g.; m. p. >135°), which formed colourless plates, 
m. p. 142—144°, from ethyl acetate-light petroleum (b. p. 40—60°) (Found : C, 68-3; H, 6-25; 
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N, 11-9. C,,H,,0,N, requires C, 68-3; H, 6-4; N, 11-8%). Further elution of the column 
with chloroform and acetone and purification of the original benzene-insoluble residue gave 
unchanged amino-compound (1-2 g.). 

4-A cetamido-6-[N-(4-hydroxyquinald-6-ylmethyl)acetamido|quinaldine.—The above crotonate 
(7 g.) was slowly added with stirring to boiling Dowtherm (80 ml.). After 10 min. the solution 
was cooled, diluted with light petroleum (b. p. 40—60°), and filtered. The amorphous hydroxy- 
quinaldine could not be obtained crystalline. The picrate formed needles, m. p. 160—162°, 
from methanol (Found: N, 15-1. C,;H,4O3;N,,C,H,;O,N; requires N, 14-9%). 

4-Acetamido-6-[N-(4-chloroquinald-6-ylmethyl)acetamido]quinaldine.—The crude amorphous 
hydroxy-compound (from 7 g. of crotonate) was boiled with phosphorus oxychloride (30 ml.) for 
15 min. and the solution was then evaporated under reduced pressure. The residue was 
extracted thrice with hot water, then filtered (charcoal), and the combined extracts were 
basified with 2N-sodium hydroxide. The amorphous chloro-compound (3-5 g.) which separated 
was purified by dissolving it in alcohol and slowly precipitating it with ether (Found: N, 12-4; 
Cl, 7-9. C,;H,;0,N,Cl requires N, 12-5; Cl, 7-°95%). The picrate, m. p. 210° (decomp.), was 
sparingly soluble in alcohol (Found: N, 15-7. C,;H,,0,N,Cl,2C,H,0,N, requires N, 15-5%). 
Evaporation of the alcohol—-ether mother-liquors and hydrolysis of the residue with hydrochloric 
acid gave the hydrochloride of (IV; R = R’ = H, R” = Cl) (1-1 g.) (see below). 

Reaction of 4-Acetamido-6-[N-(4-chloroquinald-6-ylmethyl)acetamido]quinaldine with Alcoholic 
Ammonia.—The 4-chloro-compound (1-2 g.) and saturated alcoholic ammonia (30 ml.) were 
heated for 7 hr. at 120° ina sealed tube. The resulting solution was evaporated and the residue 
crystallised from methanol, giving the chloro-amine (0-35 g.), pale yellow needles, m. p. 256° 
(Found : C, 65-2; H, 5-6; N, 13-25; Cl, 8-3; H,O, 5-0. C,3;H,,ON,Cl1,H,O requires C, 65-4; H, 5-5; 
N, 13-25; Cl, 8-4; H,O, 4-3%). Some starting material was recovered from the mother-liquors. 

4-A mino-6-[(4-chloroquinald-6-ylmethyl)amino]quinaldine—The diacetyl compound (IV; 
R = R’ = Ac, R” = Cl) (1-5 g.) in 2N-hydrochloric acid (60 ml.) was heated on the steam-bath 
for 1 hr., then concentrated and cooled. The dihydrochloride, which separated, was recrystallised 
from N-hydrochloric acid; it had m. p. >360° (Found: C, 55-6; H, 5-2; N, 12-1; total Cl, 
23-25; Cl-, 15-6. C,,H, gN,Cl,2HC1,H,O requires C, 55-6; H, 5-2; N, 12-1; total Cl, 23-5; Cl-, 
15-6%). 

4-A mino-6-[(4-aminoquinald-6-ylmethyl)amino]|quinaldine.—A solution of the crude diacetyl 
compound (IV; R = R’ = H, R” = Cl) (4-45 g.) in phenol (25 g.) was heated at 185—195° for 
3 hr., while a rapid stream of ammonia was passed through the solution. After being cooled, the 
solution was mixed with concentrated hydrochloric acid (20 ml.) and steam-distilled to remove 
phenol and to complete hydrolysis. The dihydrochloride, which separated on cooling, was 
recrystallised by dissolution in boiling water (100 ml.) cooling, and addition of concentrated 
hydrochloric acid. The yield was 2 g. (Found: C, 58-1; H, 6-7; N, 16:3; Cl, 16-5. 
C,,H.,N;,2HC1,H,O requires C, 58-0; H, 5-8; N, 16-1; Cl, 16-3%). 

Condensation of 4: 4’-Diaminostilbene with Acetoacetic Ester.—trans-4 : 4’-Diaminostilbene 
(13 g.) and acetoacetic ester (17 ml.) in methanol (100 ml.) containing concentrated hydrochloric 
acid (1 drop), were heated under reflux for 2 hr., then cooled and filtered to give the crotonate, 
24-2 g. (90%), m. p. 177—184°, raised by recrystallisation from methanol to 184—185° (Found : 
C, 71-9; H, 7-0; N, 6-45. C,,H;,0O,N, requires C, 72-0; H, 6-9; N, 6-5%). 

1 : 2-Di-(4-hydvoxyquinald-6-yl)ethylene —The foregoing crotonate (39-1 g.) was slowly added 
to stirred boiling Dowtherm (200 ml.). After 15 min. the suspension was cooled and filtered, 
and the crude quinaldine (33-05 g.) was washed with benzene and used without further 
purification. 

1 : 2-Di-(4-methoxyquinald-6-yl)ethylene —The crude hydroxy-compound (23 g.) and methyl 
sulphate (18-6 g.) were heated in dry toluene (80 ml.) for 3hr. After being cooled, the product 
was filtered off, washed with benzene, and repeatedly extracted with boiling water (charcoal) 
until the extracts no longer gave a precipitate with alkali. The combined extracts were basified 
with concentrated aqueous sodium hydroxide and the precipitate was filtered off, washed with 
water, and crystallised from alcohol. The bright yellow methoxy-compound (8-8 g.) had m. p. 
269—270° (Found: C, 77-5; H, 6-5; N, 7-5. C.gH,.O,N, requires C, 77-8; H, 6-0; N, 7-6%). 





The yellow dihydrochloride, crystallised from N-hydrochloric acid and from aqueous alcohol, had 


m. p. >370° (Found: N, 5-9; Cl, 14-0. C,,H,.O,N,,2HC1,3H,O requires N, 5-65; Cl, 14-25%). 


The bismetho(methyl sulphate), crystallised from methanol-ether, had m. p. 270° (decomp.) 


(Found: N, 4:55. C,,H:,0,N,,2Me,SO, requires N, 4:5%). 
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1 : 2-Di-(4-aminoquinald-6-yl)ethylene.—1 : 2-Di-(4-methoxyquinald-6-yl)ethylene (3 g.) and 
anmonium acetate (30 g.) were heated together at 135—140° for 3 hr. The cooled mixture was 
dissolved in water, and excess of concentrated aqueous sodium hydroxide added. The diamine 
was filtered off, washed with water, and crystallised from alcohol (2-1 g.; m. p. >360°) (Found : 
C, 74-8; H, 6-3; N, 14-6. C,.Hs9N,,C,H,O requires C, 74-6; H, 6-7; N, 145%). The dihydro- 
chloride was purified by the addition of alcohol to its solution in the minimum quantity of hot 
water; it had m. p. >370° (Found: N, 11-5; Cl, 15-2. C,,H2 9N,,2HCI1,3-5H,O requires N, 
11-8; Cl, 14-99%). The bismetho(methyl sulphate), similarly purified from aqueous alcohol, was 
hygroscopic and had m. p. >295° (Found: N, 8-15. CysHeoN,y,2Me,SO,,5H,O requires N, 
82%). 

1 : 2-Di-(4-chloroquinald-6-yl)ethylene—The crude 1: 2-di-(4-hydroxyquinald-6-yl)ethylene 
(14-5 g.) was boiled with phosphorus oxychloride (100 ml.) for 1 hr., excess of reagent then being 
distilled off in vacuo. The residue was cooled and cautiously treated with dilute sodium hydr- 
oxide solution until alkaline; the chloro-compound which separated crystallised from chloroform 
(charcoal) in pale yellow prisms, m. p. 274—276° (decomp.) (Found: N, 7-2; Cl, 19-2. 
Cy.H,,N,Cl, requires N, 7-4; Cl, 18-7%). The dihydrochloride (Found: N, 6-1; Cl, 31-3. 
Cy2.H,,.N.Cl,,2HCl requires N, 6-2; Cl, 31-4%) was almost insoluble in water and alcohol. 

Condensation of 1 : 2-Di-(4-chloroquinald-6-yl)ethylene with Amines.—The chloro-compound 
was heated with a large excess of the amine (approx. 10 mol.) in a sealed tube under 
the conditions given in the Table. In the cases of methylamine and ethylamine, 33% solutions 
of the base in alcohol were used. The products were isolated by warming the contents of the 
tube with dilute sodium hydroxide solution, filtering off the solid, washing it thoroughly with 
water, drying it, and crystallising it from the appropriate solvent. In organic solvents all the 
4-substituted amino-compounds thus obtained formed yellow solutions which exhibited a 
brilliant blue or violet fluorescence. The quaternary salts were prepared by boiling a solution 
or suspension of the base in toluene with a slight excess of methyl sulphate for the time stated 
in the Table. The yellow or green products were purified from alcohol or methanol-ether. 

1 : 2-Di-(4-phenoxyquinald-6-yl)ethylene—The 4-chloro-compound (4 g.) and phenol (10 g.) 
were heated under reflux for 3 hr. The resulting solution was basified with excess of sodiym 
hydroxide solution, and the precipitate filtered off, washed with water, and crystallised from 
alcohol (charcoal) (yield 3-55 g., 68%; m. p. 250—255°). MRecrystallisation gave 1 : 2-di-(4- 
phenoxyquinald-6-yl)ethylene in brick-red prisms, m. p. 258—260° (Found: C, 81-4; H, 6-0; N, 
5-8; H,O, 1-4. C,,H,,O,N,,0°5H,O requires C, 81-1; H, 5-4; N, 5-6; H,O, 18%). The 
dihydrochloride (Found: N, 5-0; Cl, 12-9. C3,H,,0,N,,2HCl requires N, 4-8; Cl, 12-9%) 
formed a grey-green amorphous powder, soluble in cold water. The bismetho(methyl sulphate) 
(Found: N, 4:0. C3,H,,O,N,,2Me,SO, requires N, 3-8%), prepared in the usual way, was a 
dark-blue solid, soluble in water to a mauve solution with a strong fluorescence. 

Condensation of 2: 3-Di-p-aminophenylbut-2-ene with Acetoacetic Ester—A solution of the 
amine (3-45 g.) and acetoacetic ester (4-3 g.) in methanol (20 ml.) containing concentrated hydro- 
chloric acid (1 drop) was refluxed for 4-5 hr., then cooled overnight. The crotonate (5-9 g., 
88%), m. p. 125°, was filtered off and recrystallised from methanol. It had m. p. 138° (softens 
at 134°) (Found: C, 72-85; H, 7-4; N, 6-35. C,,H;,0,N, requires C, 72-7; H, 7-4; N, 6-05%). 

2 : 3-Di-(4-hydroxyquinald-6-yl)but-2-ene.—The foregoing crotonate (5-9 g.) was added to 
boiling Dowtherm (40 ml.). After 5 min. the suspension was cooled, diluted with benzene, 
and filtered and the crude quinaldine (4-65 g., 100%) washed with benzene and ether. 

2 : 3-Di-(4-chloroquinald-6-yl)but-2-ene-——The crude hydroxy-compound (4:65 g.) and 
phosphorus oxychloride (30 ml.) were boiled for 30 min., excess of reagent then being distilled 
off in vacuo. The residue was cautiously treated with dilute aqueous sodium hydroxide, and 
the precipitate filtered off, washed, dried, and extracted with boiling benzene (charcoal). 
Evaporation of the extracts to a low bulk and addition of alcohol gave the dichloro-compound 
(1-75 g.), narrow plates, m. p. 232—234° (decomp.) (Found: N, 7-1; Cl, 17-0. C.gH.9N,Cl, 
requires N, 6-9; Cl, 17-4%). 

2 : 3-Di-(4-aminoquinald-6-yl)but-2-ene.—The chloro-compound (1-75 g.) in phenol (15 g.) 
was heated at 190° and dry ammonia bubbled through the solution for 5 hr. The mixture was 
then steam-distilled to remove phenol and basified with aqueous sodium hydroxide, and the 
base filtered off, washed, and crystallised from aqueous ethanol. 2 : 3-Di-(4-aminoquinald-6- 
yl)but-2-ene (1-35 g., 85%) formed prisms from chloroform or aqueous alcohol, decomp. approx. 
308° (Found: C, 74:9; H, 6-4; N, 14-9. C,,H,,N,,H,O requires C, 74-6; H, 6-8; N, 145%). 
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The dihydrochloride separated from hot water in prisms (Found: N, 12-4; Cl, 15-5. 
C,,H,,N,,2HCIH,O requires N, 12-2; Cl, 15-5%). The bismetho(methyl sulphate) formed 
prisms, decomposing above 350°, from aqueous alcohol (Found: N, 9-2. C,,H,,N,,2Me,SO, 
requires N, 9-0%). 

2 : 3-Di-(4-methoxyquinald-6-yl)but-2-ene—Crude 2 : 3-di-(4-hydroxyquinald-6-yl) but-2-ene 
(0-78 g.) and methyl sulphate (0-55 g.) in dry toluene (50 ml.) were boiled for 3 hr. then cooled. 
The solvent was decanted and the residual gum washed with ether, boiled with water (60 ml.) 
and chareoal, and filtered. 2: 3-Di-(4-methoxyquinald-6-yl)but-2-ene was precipitated by 
basifying the aqueous extracts, and formed needles (from aqueous alcohol), m. p. 240—242° 
(decomp.) (Found : C, 76-9; H, 6-3; N, 7-1; H,O, 1-4. CsgH2g0.N2,0-33H,O requires C, 77-1; 
H, 6-6; N, 6-9; H,O, 1-5%). 
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154. The Cyclisation of 1:8-Di- and 1:4: 5: 8-Tetra-(«-anthra- 
quinonylamino)anthraquinone to Derivatives of Carbazole. 
By WILLIAM BRADLEY and P. N. PAnpIT. 


On being heated with titanium tetrachloride or aluminium chloride 
1 : 8-di-(x-anthraquinonylamino)anthraquinone (I) undergoes cyclisation to 
the compound (II), two carbazole nuclei being formed. Similar treatment 
of the 9: 11-di-(«-anthraquinonylamino)-derivative of (II) affords a yellow 
substance believed to be (VII) which differs from the greenish-brown product 
that results by similar treatment of 1:4: 5: 8-tetra-(«-anthraquinonyl- 
amino)anthraquinone. 


THE present investigation continues that reported earlier.1 Like 1:4- and 1 : 5-di-(«- 
anthraquinonylamino)anthraquinone the 1 : 8-isomer (I) is cyclised on being heated with 
titanium tetrachloride, and the reaction occurs more easily with aluminium chloride. The 


° 
AQNH NHAQ 
re) 





(IIT) (II) 


AQ = anthraquinonyl. 
product is the hendecacylic triquinone (II). The formation of one carbazole nucleus in 
the ring-closure was confirmed in the following way. 1-«-Anthraquinonylamino-8-nitro- 
anthraquinone (III) was cyclised to the nitrodiphthaloylcarbazole (IV; R! = NO,, 
R? = R® = H) by means of titanium tetrachloride, and the structure of the product was 
1 Bradley and Pandit, ]., 1955, 3399. 
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proved by reduction to the amino-derivative and deamination; the end-product was 
1 : 2-7 : 8-diphthaloylcarbazole (IV; R! = R? = R? =H) identical with an authentic 
sample.2 This amino-derivative gave 1-«-anthraquinonylaminodiphthaloylcarbazole 
(IV; R!=NHAQ, R? = R? =H) on reaction with «-chloroanthraquinone, and the 
triquinone (II) was derived from the product by further treatment with titanium tetra- 
chloride. The end-product was identical with that derived from the diamine (I) by 
treatment with aluminium chloride. 

These experiments were extended in order to establish the structure of the product 
obtained by heating 1: 4:5: 8-tetra-(«-anthraquinonylamino)anthraquinone (V) with 
aluminium chloride. Chlorination of 1 : 8-dibenzamidoanthraquinone gave a mixture of 
1 : 8-dibenzamido-4 : 5-dichloroanthraquinone with smaller amounts of the 2 : 5-dichloro- 
isomer. Each of the dichloro-derivatives gave a diamine on hydrolysis; that from the 
4: 5-dichloro-compound gave 1: 8-dichloroanthraquinone on deamination, whilst that 
from the 2: 5-isomer gave 1 : 6-dichloroanthraquinone. On being heated with «-amino- 
anthraquinone 1 : 8-dibenzamido-4: 5-dichloroanthraquinone gave 1: 8-di-(«-anthra- 
quinonylamino)-4 : 5-dibenzamidoanthraquinone (VI; R! = R? = NHBz), hydrolysis 
of which affords 1: 8-diamino-4 : 5-di-(«-anthraquinonylamino)anthraquinone (VI; 
R! = R? = NH,). On being treated with sulphuric acid and sodium nitrite and then with 
hypophosphorous acid this 1 : 8-diamino-derivative gave the diamine (1). On being 
heated with a-chloroanthraquinone the 1: 8-diamino-compound (VI) gave 1:4:5: 8- 
tetra-(x-anthraquinonylamino)anthraquinone (V), identical with the products obtained 
by heating 1 : 4: 5 : 8-tetrachloroanthraquinone with «-aminoanthraquinone or 1 : 4: 5: 8- 
tetra-aminoanthraquinone with «-chloroanthraquinone. 


CLD 
(V) 


AQNH O NHAQ 


r O- R? 


AQNH & NHAQ_ (VI) 





With aluminium chloride and pyridine 1 : 8-di-(a-anthraquinonylamino)-4 : 5-dibenz- 
amidoanthraquinone gave a product, not obtained crystalline, which on hydrolysis and 
deamination gave the crystalline product, (I1) ; the non-crystalline product must, therefore, 
have been the 9 : 11-dibenzamido-derivative of (II), unless hydrolysis of the acyl groups had 
occurred during the cyclisation. When the cyclised product was hydrolysed and then 
caused to react with a-chloroanthraquinone an insoluble, non-crystalline product, pre- 
sumably the 9: 11-di-(«-anthraquinonylamino)-derivative of (II) was formed. On being 
heated with aluminium chloride or titanium tetrachloride this gave a yellow product, 
also insoluble, hygroscopic, and non-crystalline, which from the method of its preparation 
and analysis is believed to be the tetracarbazolepentaquinone (VII). Both the 9: 11- 
diamino-derivative of (II), and (II) itself, were prepared crystalline and analysed. 

An attempt was made to confirm the preparation of the C,,-compound (VII) by the 
following method. 1 : 5-Dibenzamidoanthraquinone was first converted into the 4 : 8-di- 
chloro-derivative. The structure of this was proved by hydrolysis with alkali to the 
known 1 : 5-diamino-4 : 8-dichloroanthraquinone; when the hydrolysis was attempted 

2 Bradley and Thitchener, /., 1953, 1085. 
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with concentrated sulphuric acid an unexpected reaction occurred, water was lost and a 
derivative C,,H,,N,Cl, formed. This is considered to have structure (VIII) on the ground 
of composition and because it is quite unchanged on treatment with alkaline dithionite 
solution. On being heated with «-aminoanthraquinone 1 : 5-dibenzamido-4 : 8-dichloro- 
anthraquinone gave 1 : 5-di-(«-anthraquinonylamino)-4 : 8-dibenzamidoanthraquinone (IX ; 
R = Bz). This was recovered unaltered however after being heated in pyridine with 
aluminium chloride. It gave the corresponding diamino-derivative (IX; R =H) on 
hydrolysis, and 1 : 5-di(a-anthraquinonylamino)anthraquinone on further deamination. 


Akh 
of ?SN 
rel 


Cl 

9 
Nx, 0 
CPh (VIII) 


RNH 2 NHAQ 


AQNH O NHR 





(VII) (1X) 

The following additional observations were made during the work. 1 : 4-Diamino- 
2 : 3-dichloroanthraquinone and «-chloroanthraquinone react in the presence of sodium 
carbonate, copper, and nitrobenzene to form 1 : 4-di-(«-anthraquinonylamino)-2-chloro- 
3-hydroxyanthraquinone, one chlorine substituent having been replaced by hydroxyl. 
On being heated with titanium tetrachloride 4-nitro-1 : 1’-dianthraquinonylamine under- 
goes cyclisation and also replacement of the nitro-group by chlorine, the chlorodiphthaloyl- 
carbazole (IV; R! = R* = H, R? = Cl) being formed. Analogously, 4 : 4’-dinitro-1 : 1’- 
dianthraquinonylamine gave the dichlorodiphthaloylcarbazole (IV ; R! = H, R? = R’ = C1) 
with the same reagent. 


EXPERIMENTAL 

8-Nitro-1 : 1’-dianthraquinonylamine (II1T).—1-Chloro-8-nitroanthraquinone (28 g.), l-amino- 
anthraquinone (22 g.), anhydrous sodium carbonate (6 g.), and copper bronze (1 g.), when 
refluxed for 12 hr. in nitrobenzene (500 c.c.), gave a product (28 g.) which crystallised (19 g.) 
from chlorobenzene (2 1.). 8-Nitro-1: 1’-dianthraquinonylamine separates from o-dichloro- 
benzene in lustrous red needles (Found: C, 71-5; H, 2:3; N, 5-5. C,,H,,O,N, requires 
C, 70-9; H, 2.9; N, 5-9%) which dissolve in concentrated sulphuric acid with a green colour, 
changed to blue on the addition of 40% aqueous formaldehyde. 

Cyclisation—The product (10-2 g.) obtained by refluxing 8-nitro-1 : 1’-dianthraquinony]l- 
amine (8 g.) and titanium tetrachloride (40 c.c.) in o-dichlorobenzene (150 c.c.) for 2-5 hr. was 
collected, washed with fresh solvent, then with alcohol, and finally with water. It was heated 
for 1 hr. with chromium trioxide (10 g.) in acetic acid (150 c.c.) and then crystallised from 
nitrobenzene. 1-Nitrodinaphtho([2,3-a, 2’,3’-i|carbazole-5 :10:15:17-diquinone (IV; R! = 
NO,, R? = R* = H) which resulted forms lustrous yellow needles (Found: C, 71-0; H, 2-7; 
N, 5:9. C,gH,,0,N, requires C, 71-2; H, 2-5; N, 5-9%). 

EE ° 
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1-Aminodinaphtho[2,3-a, 2’,3’-ijcarbazole-5 :10:15:17-diquinone (IV; R! = NH,, R? = 
R* = H).—The _1-nitro-derivative (2-2 g.) was refluxed and vigorously stirred for 4 hr. with a 
solution of sodium sulphide crystals (8 g.) in water (10 c.c.) and alcohol (50 c.c.). The solid 
was collected, washed with water, dried (2 g.), and crystallised from 1 : 2 : 4-trichlorobenzene 
(2-81.). The l1-amino-quinone formed minute red needles (1-5 g.) (Found: C, 75-8; H, 3-3; N, 6-2. 
C,,H,,0,N, requires C, 76-0; H, 3-2; N, 6-3%) which dissolve in concentrated sulphuric acid 
with a red colour, unchanged on the addition of 40% aqueous formaldehyde. Heating this 
amine (0-8 g.) with benzoyl chloride (1 c.c.) in nitrobenzene (10 c.c.) gave lustrous yellow needles 
of the 1-benzamido-derivative (Found: C, 77-1; H, 3:3; N, 5-2. C,;H,,O;N, requires C, 76-9; 
H, 3:3; N, 5-1%). This gave a purple solution in concentrated sulphuric acid which changed to 
green on being kept, or on the addition of 40% aqueous formaldehyde. 

Deamination. Sodium nitrite (0-25 g.) was added during 30 min. to a stirred solution of 
the l-amino-derivative (0-5 g.) in concentrated sulphuric acid (10 c.c.) at 0°. After 4 hr. the 
resulting solution was added to ice, the precipitated diazonium compound was collected, washed, 
and then stirred with ice-cold 30% hypophosphorous acid (70 c.c.) for 3 hr., during which 
frothing occurred. The suspension which remained was filtered, the solid was washed, then 
dried (0-4 g.) and crystallised from nitrobenzene (300 c.c.). Yellow needles of 1 : 2-7 : 8-diph- 
thaloylearbazole (II; R' = R? = R* = H) were obtained, identical with a sample prepared 
by cyclising di-a-anthraquinonylamine with aluminium chloride (light absorption in ‘‘AnalaR ”’ 
concentrated sulphuric acid : Amax, at 226, 271, 508, and 650 my). 

1-(a-A nthraquinonylamino)dinaphtho[2,3-a, 2’ ,3’-i]carbazole-5 : 10 : 15 : 17-diquinone.—The 1- 
amino-derivative (0-5 g.), 1-chloroanthraquinone (0-3 g.), anhydrous sodium carbonate (0-1 g.), 
and a small proportion of copper bronze were refluxed for 20 hr. in nitrobenzene (6 c.c.). The 
solid was collected, washed in succession with nitrobenzene, alcohol, hydrochloric acid, and 
water, then dried (0-6 g.) and crystallised from trichlorobenzene. The 1-(«-anthraquinonyl- 
amino)-quinone formed red curved needles (Found: C, 77:2; H, 3-2; N, 4:2. Cy .H,9O,N, re- 
quires C, 77-8; H, 3-1; N, 4:3%), the deep red solution of which in concentrated sulphuric 
acid changed to pale violet on the addition of 40% aqueous formaldehyde. 

Cyclisation. The 1-«-anthraquinonylamino-derivative (0-05 g.) and titanium tetrachloride 
(4 g.) were refluxed for 3 hr. in o-dichlorobenzene (15 c.c.). The solid was then collected, 
washed with fresh solvent, then with alcohol, and dried. After being heated for 6 hr. at 70 
with alkaline sodium hypochlorite the dark solid changed in hue to brownish-yellow, and 
crystallisation from nitrobenzene then gave minute yellow needles of 21 : 23-dihydrobisnaphtho- 
[2’, 3’, 6, T)tndolo[2, 3-a, 2’, 3’-jjanthracene-3 : 8:10:12: 17: 22-triquinone (II) (A) (Found: 
C, 77-8; H, 2-9; N, 4:5. C,y.H,,O,N, requires C, 78-0; H, 2-8; N, 4:3%). Light absorption 
in ‘“‘AnalaR ”’ concentrated sulphuric acid : Amax, at 275 and 570 mu. 

1 : 8-Di-(a-anthraquinonylamino)anthraquinone (I).—1: 8-Dichloroanthraquinone (27-7 g.), 
l-aminoanthraquinone (45-0 g.), anhydrous sodium carbonate (12-0 g.), and copper bronze 
2 g.) were refluxed for 36 hr. in nitrobenzene (500 c.c.). The yield of purified product was 55 g. 
Crystallisation of a portion (4 g.) from nitrobenzene (1 1.) gave red minute needles (3-6 g.) (Found : 
C, 77-4; H, 3-1; N,4-2. Calc. for CysH,,O,N,: C, 77-5; H, 3-4; N, 43%). Light absorption 
in “‘ AnalaR ”’ concentrated sulphuric acid : Aggy, at 265, 340—360 my. The green colour of the 
solution in concentrated sulphuric acid changed to deep blue on the addition of 40% aqueous 
formaldehyde. This description supplements that given in G.P. 240,080 in which a similar 
compound was prepared from 1-chloroanthraquinone and 1 : 8-diaminoanthraquinone. 

Cyclisation. (a) 1: 8-Di-(«-anthraquinonylamino)anthraquinone (2-0 g.) was refluxed for 
1 hr. with titanium tetrachloride (5 c.c.) and o-dichlorobenzene (50 c.c.). The resulting solid 
was collected, washed in turn with o-dichlorobenzene and alcohol, and then crystallised from 
nitrobenzene (1-8 1.). Red minute needles (0-5 g.) separated which dissolved in concentrated 
sulphuric acid with a red colour, becoming deep blue on the addition of 40° aqueous formalde- 
hyde solution. On being chromatographed on a filter paper between glass plates and then 
developed with a weak solution of alkaline dithionite the reduced dye gave a small central yellow 
zone and a larger outer red ring. 

(6) 1: 8-Di-(a-anthraquinonylamino)anthraquinone was refluxed for 17 hr. with titanium 
tetrachloride (20 c.c.) and o-dichlorobenzene (50 c.c.). The resulting solid was collected, washed 
in turn with o-dichlorobenzene and alcohol, and dried (3-4 g.). Chromatography of the solution 
of the reduced compound on a filter paper and development with weak alkaline dithionite gave 
a single central yellow zone. Crystallisation from boiling nitrobenzene gave yellow needles, 
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whose light absorption in ‘“ AnalaR’”’ concentrated sulphuric acid had max. at 275 and 
570 mu. 

(c) 1: 8-Di-(a-anthraquinonylamino)anthraquinone (2 g.) was powdered and mixed with 
aluminium chloride (18 g.), and then heated and stirred for 15 min. at 260°. The cooled melt 
was extracted with boiling, dilute hydrochloric acid, then collected and washed. Crystallisation 
from nitrobenzene gave yellow, minute needles of the triquinone (II) (Found: C, 77-9; H, 3-0; 
N, 4:4. Calc. for C,.H,,0,N,: C, 78-0; H, 2-8; N, 4:3%), identical with specimen (A). All 
the specimens of the triquinone (II) dissolved in concentrated sulphuric acid with a purple 
colour, unchanged on the addition of 40% aqueous formaldehyde. 

1: 4:5: 8-Tetra-(a-anthraquinonylamino)anthraquinone (V).—(a) The product (5-2 g.) 
obtained by 24 hours’ refluxing of 1 : 4: 5: 8-tetra-aminoanthraquinone (7 g.), 1-chloroanthra- 
quinone (30 g.), cuprous chloride (5 g.), and anhydrous potassium acetate (24 g.) in nitrobenzene 
(600 c.c.) was washed with nitrobenzene, alcohol, dilute hydrochloric acid, and water; it 
crystallised from quinoline in dark blue needles (Found: N, 4-9. Calc. for Cz9.H,,0,)N, : 
N, 51%). (6b) The same compound (20-7 g.) resulted by 36 hours’ refluxing of 1: 4:5: 8- 
tetrachloroanthraquinone (8-3 g.), 1-aminoanthraquinone (25 g.), anhydrous sodium carbonate 
(7 g.), and copper bronze (0-5 g.) in nitrobenzene (600 c.c.). After being washed and dried a 
portion (5 g.) of the product was crystallised from nitrobenzene (1-95 1.)._ Lustrous dark blue 
needles (3-6 g.) of 1:4: 5: 8-tetra-(a-anthraquinonylamino)anthraquinone (Found: C, 77-1; 
H, 3-1; N, 5-5. C2 9H3,0,9N, requires C, 76-9; H, 3:3; N, 5-1%) were obtained. This 
description supplements that given in G.P. 262,788. On being heated with aluminium chloride 
the derivative gave a greenish-brown product as described in this patent. 

1 : 8-Dibenzamido-4 : 5-dichloroanthraquinone.—A current of dry chlorine was passed for 
6 hr. through a vigorously stirred mixture of 1 : 8-dibenzamidoanthraquinone (40 g.), anhydrous 
sodium acetate (20 g.), acetic acid (320 c.c.), and nitrobenzene (350 c.c.) heated under reflux 
at 120—130°. The orange needles which separated on cooling were collected, washed with 
acetic acid, then with water, dried {35-5 g.; m. p. 300—310°), and recrystallised (26 g.) from 
o-dichlorobenzene (21.). 1: 8-Dibenzamido-4 : 5-dichloroanthraquinone has m. p. 335° (Found : 
C, 65-9; H, 29% N, 5-3; Cl, 13-5. C,,H,,O,N,Cl, requires C, 65-2; H, 3-1; N, 5-4; Cl, 13-8%) 

The o-dichlorobenzene mother-liquor gave on concentration yellow needles (6 g.) of 1: 8- 
dibenzamido-2 : 5-dichloroanthraquinone, m. p. 280—285°. Recrystallisation from chloro- 
benzene gave yellow needles, m. p. 295° (Found: C, 65-01; H, 3-1; N, 5-7; Cl, 14-0%). 

1 : 8-Diamino-4 : 5-dichloroanthraquinone.—A solution of 1 : 8-dibenzamido-é4 : 5-dichloro- 
anthraquinone (10-2 g.) in concentrated sulphuric acid (100 c.c.) was heated for 4 hr. on the 
water-bath, then cooled and added to ice-water. The precipitated 1 : 8-diamino-4 : 5-dichloro- 
anthraquinone was collected, washed with dilute ammonia, then water, dried (6-0 g.), and 
crystallised from o-dichlorobenzene; shining red needles, m. p. 314°, were obtained (Found : 
C, 54-9; H, 2-6; N, 9-6; Cl, 23-5. C,,H,O,N,Cl, requires C, 54-7; H, 2-6; N, 9-1; Cl, 23-1%). 

Deamination. <A solution of the compound, m. p. 314° (1 g.), in concentrated sulphuric acid 
(20 c.c.) was stirred in an ice-bath. Sodium nitrite (0-5 g.) was added during 30 min. and 
stirring was then continued for 5 hr. Addition of the mixture to ice then gave a light red 
solution which was added with stirring to 50% hypophosphorous acid (30 c.c.) at 0°. Foaming 
occurred and a light yellow precipitate formed. After being stirred for 4 hr. and then kept 
overnight the solid was collected, washed, dried (0-8 g.), and crystallised from acetic acid. The 
resulting yellow needles, m. p. 202°, did not depress the m. p. of authentic 1 : 8-dichloro- 
anthraquinone,’ m. p. 202°. 

1 : 8-Diamino-2 : 5-dichloroanthraquinone.—A solution of 1: 8-dibenzamido-2 : 5-dichloro- 
anthraquinone (3 g.) in concentrated sulphuric acid (10 c.c.) was heated on a water-bath with 
stirring for 12 hr. The greenish-yellow solution so obtained was poured on crushed ice, and the 
precipitated diamino-derivative was collected, washed, and dried (1-7 g.)._ Crystallisation from 
o-dichlorobenzene gave minute red needles, m. p. 215°. A solution of the compound in chloro- 
benzene was chromatographed on alumina, and the lower main red band was eluted by means 
of fresh solvent; the chlorobenzene extract on concentration gave minute red needles of the 
diamine, m. p. 222° (Found: C, 54-4; H, 2:5; N, 8-9; Cl, 22-9. C,,H,O,N,Cl, requires 
C, 54-7; H, 2-6; N, 9-1; Cl. 23-1%). 

Deamination. A solution of the diamine, m. 222° (1 g.), in concentrated sulphuric acid 
(10 c.c.) was cooled in ice. Sodium nitrite (0-5 g.} was added to it with stirring, and stirring 

3 Ullmann and Knecht, Ber., 1911, 44, 3125. 
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continued at 0° for 4hr. On being poured on ice the mixture gave a light red solution, and this 
was added with stirring to 50% hypophosphorous acid (30 c.c.). Frothing occurred and a 
light grey precipitate separated. When the frothing had subsided (12 hr.), the resulting 
suspension was filtered, and the residual solid was washed and dried (0-6 g.; m. p. 200°). Two 
crystallisations from acetic acid gave material, m. p. 204-5°, mixed m. p. 170—175° with 
1: 8- and with 1: 3-dichloroanthraquinone but not depressed on admixture with authentic 
1 : 6-dichloroanthraquinone,‘ m. p. 203—204°. 

1 : 8-Di-(a-anthraquinonylamino)-4 : 5-dibenzamidoanthraquinone.—1 : 8- Dibenzamido-4 : 5- 
dichloroanthraquinone (24 g.), l-aminoanthraquinone (24 g.), anhydrous sodium carbonate 
(18 g.), and copper bronze (5 g.) were refluxed for 24 hr. in nitrobenzene (400 c.c.). Filtration, 
washing with nitrobenzene, alcohol, dilute hydrochloric acid, and water, and drying gave a 
product (32-5 g.), of which a portion (16 g.) on being crystallised from nitrobenzene (7 1.) gave 
shining blue needles (12-5 g.) of 1 : 8-di-(a-anthraquinonylamino)-4 : 5-dibenzamidoanthraquinone 
(Found : C, 75-2; H, 3-5; N, 6-0. C;,H;,0O,N, requires C, 75-7; H, 3-6; N, 6-3%). 

Cyclisation. The product (10 g.) was heated for 2-5 hr. at 150—160° with aluminium 
chloride (30 g.) and pyridine (75c.c.). After being cooled the melt was added to water (600 c.c.) 
and concentrated hydrochloric acid (100 c.c.) and the resulting suspension which formed was 
boiled, then filtered. The resulting solid 9: 11-dibenzamido-derivative of (II) could not be 
obtained crystalline (Found: N, 5-7. Calc. for C,,H,,0,N,: N, 63%). It dissolved in 
alkaline dithionite forming a deep red brown solution. 

Hydrolysis. The preceding cyclised product (15 g.) was dissolved in concentrated sulphuric 
acid (100 c.c.) and heated on a water-bath with stirring for 12hr. Addition to cold water gavea 
fine greenish precipitate and this was collected, washed with dilute ammonia, and then with water, 
and dried (11-5 g.). On being heated with boiling quinoline (1 1.) the substance (1 g.) partly dis- 
solved and from the hot filtered solution minute greenish nodules (80 mg.) separated on cooling. 

The resulting 9 : 11-diamino-derivative of (II) (10 g.) was purified by dissolution in concen- 
trated sulphuric acid (50 c.c.), filtration, and progressive dilution of the filtrate with cold water 
(12 c.c.); a yellow, crystalline precipitate separated. This was collected, washed with dilute 
acid of the same strength as the mother-liquor, then with water, and dried (4-8 g.) (Found: 
N, 7-8. CygH,,O,N, requires N, 8-2%). 

Deamination. The preceding diamine (1-5 g.) was dissolved in concentrated sulphuric 
acid (50 c.c.) at 0° and stirred whilst sodium nitrite (1 g.) was added during 30 min. After 6 hr. 
the solution was added to ice, then kept for 12 hr. at 0°, and the precipitate was collected and 
washed. It was suspended in water and added to 30% hypophosphorous acid (100 c.c.) at 0°. 
After 12 hr. the brown precipitate (1-3 g.) was collected and crystallised fron nitrobenzene. 
The yellow needles obtained (Found: C, 77-6; H, 3-1; N, 42%) were identical with the 
products (A) obtained as described above. 

Condensation with 1-chloroanthraquinone. The 9: 11-diamino-derivative (1 g.) of (II), 
1-chloroanthraquinone (1 g.), anhydrous potassium acetate (0-2 g.), copper bronze (0-1 g.), 
copper acetate (0-1 g.), and nitrobenzene (30 c.c.) were heated in a sealed tube at 170—230° 
for 24 hr. and then at 230° for 24 hr. The product was filtered, washed with alcohol, boiled 
with dilute hydrochloric acid, washed, and dried (0-9 g.). It was dark brown and dissolved in 
alkaline dithionite to a red-brown solution. It was almost insoluble in high-boiling solvents. 

Cyclisation. The above product (0-5 g.) was heated under reflux with titanium tetrachloride 
(5 c.c.) in o-dichlorobenzene (30 c.c.) for 2 hr. On being cooled the mixture was filtered, and 
the residue, presumed to be the pentaquinone (VII), was washed with acetone, boiled with 
dilute hydrochloric acid and then with water, and dried (Found, N, 5-1. Cz 9H,gOQy9Nq re- 
quires N, 5-2%). It was almost insoluble in high-boiling solvents but dissolved in warm 
alkaline dithionite giving a red solution which dyed a yellowish shade on cotton and gave a single 
band when allowed to diffuse down a column of cellulose. 

1 : 8-Diamino-4 : 5-di-a-anthraquinonylaminoanthraquinone.—4 : 5- Di- («-anthraquinonyl- 
amino)-1 : 8-dibenzamidoanthraquinone (16 g.) was stirred with concentrated sulphuric acid 
(100 c.c.) for 12 hr. The solution was slowly diluted with water (35 c.c.) and then stirred for 
12 hr. longer. The sulphate that separated as reddish needles was filtered off and neutralised 
with dilute aqueous ammonia, and the resulting solid was washed with water and then dried 
(8-4g.). The product crystallised from boiling quinoline and then trichlorobenzene in dark bluish- 
violet needles (Found : C, 73-4; H, 3-4; N, 8-0. C,..H,,O,N, requires C, 74:1; H, 3-5; N, 8-3%). 

* Goldberg, J., 1931, 1771. 
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Deamination. A portion (1-5 g.) of the above derivative was dissolved in concentrated 
sulphuric acid (15 c.c.) at 0° and stirred whilst sodium nitrite (1 g.) was added during 30 min. 
After being stirred for 6 hr. the solution was added to ice and kept for 12 hr. at 0°, and the 
precipitate was then collected and washed with ice-water. It was suspended in water and added 
with stirring to 30% hypophosphorous acid (100 c.c.) at 0°. After 12 hr. a dark-red precipitate 
was collected (1-3 g.) and crystallised from nitrobenzene. The dark-red needles so obtained 
were identical with 1: 8-di-(«-anthraquinonylamino)anthraquinone (light absorption in 
“ AnalaR ’”’ concentrated sulphuric acid : Apay at 265 and 340—360 my). 

Condensation of 1: 8-Diamino-4 : 5-di-«-anthraquinonylaminoanthraquinone with 1-Chloro- 
anthraquinone.—The diamino-derivative (1-2 g.), 1-chloroanthraquinone (1-2 g.), anhydrous 
sodium carbonate (0-2 g.), nitrobenzene (100 c.c.), and copper bronze (0-1 g.) were heated under 
reflux with stirring for 48 hr. The product was obtained as minute crystals which made 
filtration of the product very slow. Nitrobenzene was removed by steam-distillation and the 
residue boiled with dilute hydrochloric acid and then filtered off, extracted with 1: 2: 4-tri- 
chlorobenzene to remove unchanged reactants, washed, and dried (1-1 g.) (Found: N, 6-1. 
Calc. for Cz9H3,0,9N,: N, 5:1%). It was identical with 1: 4: 5: 8-tetra-(«-anthraquinonyl- 
amino)anthraquinone prepared from 1: 4: 5: 8-tetra-aminoanthraquinone. 

1 : 5-Dibenzamido-4 : 8-dichloroanthraquinone.—Dry chlorine was passed for 3-5 hr. at 150° 
through a vigorously stirred mixture of 1: 5-dibenzamidoanthraquinone (6 g.), anhydrous 
sodium acetate (3 g.), acetic acid (50 c.c.), and nitrobenzene (100 c.c.). On being cooled, the 
product (5-5 g.) separated. Crystallisation from o-dichlorobenzene (500 c.c.) gave lustrous, 
orange needles, m. p. 340° (Found: C, 65-4; H, 3-3; N, 5-7; Cl, 13-7. C,,H,,O,N,Cl, requires 
C, 65-2; H, 3-1; N, 5-4; Cl, 13-8%). 

Hydrolysis. On being refluxed for 12 hr. with 20% alcoholic potassium hydroxide (50 c.c.) 
the above derivative (1 g.) afforded 1 : 5-diamino-4 : 8-dichloroanthraquinone as lustrous red 
plates (from o-dichlorobenzene), m. p. 305°, not depressed on admixture by authentic material.§ 

Cyclisation. A solution of 1 : 5:dibenzamido-4 : 8-dichloroanthraquinone (2-5 g.) in concen- 
trated sulphuric acid (15 c.c.) was stirred at the room temperature for 2 hr. On addition to 
water the resulting green solution gave a precipitate of 6: 12-dichloro-2 : 8-diphenylanthra- 
[9, 1-d’e’, 10, 5-ed]di-m-oxazine which crystallised from 1 : 2 : 4-trichlorobenzene as bright red 
needles, m. p. >400° (Found: C, 70-0; H, 3-0; N, 5-5; Cl, 14-6. C,,H,,O,N,Cl, requires 
C, 70-1; H, 2:9; N, 5-8; Cl, 14-8%). 

1 : 5-Di-(a-anthraquinonylamino)-4 : 8-dibenzamidoanthraquinone.—1 : 5- Dibenzamido-4 : 8- 
dichloroanthraquinone (4 g.), l-aminoanthraquinone (3-7 g.), sodium carbonate (1 g.), and 
copper bronze (0-5 g.) were refluxed for 18 hr. in nitrobenzene (50 c.c.). The product (6-0 g.) 
crystallised from nitrobenzene as lustrous dark blue needles, 1 g. of which was soluble in 130 
c.c. of the boiling solvent (Found: N, 6-3. C;,H;,O,N, requires N, 6-3%). This compound 
was recovered unaltered after having been heated at 140° for 1 hr. with a solution of aluminium 
chloride in*pyridine. 

1 : 5-Diamino-4 : 8-di-(x-anthraquinoylamino)anthraquinone.—A solution of the preceding 
dibenzamido-derivative (2 g.) in concentrated sulphuric acid (15 c.c.) was stirred on the water- 
bath for 6 hr. On the addition of water (4 .c.c.) minute needles separated. These were collected 
and washed with sulphuric acid of the same concentration as the mother-liquor, and then with 
water. Crystallisation of the dried product from trichlorobenzene gave fine, blue needles 
(Found: C, 73-1; H, 3-5; N, 8-1. C,H,,0O,N, requires C, 74:1; H, 3-5; N, 8-2%). 

Deamination. The diamino-derivative (0-5 g.) was prepared in a finely divided state by 
dissolution in concentrated sulphuric acid (5 c.c.) and addition of the solution to water and ice. 
On the addition of sodium nitrite (0-2 g.) in water the colour of the suspension changed from 
blue to green. After 30 min. 50% hypophosphorous acid (30 c.c.) was added and the suspension 
was stirred for 12 hr.; the colour changed to red during this period. The suspension was 
filtered and the solid was crystallised from nitrobenzene. It formed minute red needles (0-2 g.) 
(Found: C, 76-9; H, 3-1; N, 4-2. Calc. for C,,H,,O,N,: C, 77-5; H, 3-4; N, 4-3%) which 
gave the reactions of 1 : 5-di-(«-anthraquinonylamino)anthraquinone. 

Condensation of 1-Chloroanthraquinone with 1: 4-Diamino-2 : 3-dichloroanthraquinone.— 
A sample of the 1 : 4-diamino-derivative was purified by recrystallisation and obtained as 
violet needles, m. p. 296° (Brass and Heide ® state m. p. 288°) (Found: C, 54-9; H, 2-65; 

5 Scholl and Wanka, Ber., 1929, 62, 1424. 

® Brass and Heide, Ber., 1924, 57, 104. 
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N, 9-2; Cl, 23-2. Calc. forC,,H,O,N,Cl,: C, 54-7; H, 2-6; N, 9-1; Cl, 23-1%). The 1: 4di- 
amino-derivative (3-1 g.), 1-chloroanthraquinone (4-9 g.), anhydrous sodium carbonate (1-1 g.), 
copper bronze (0-2 g.), and nitrobenzene (50 c.c.) were stirred together for 18 hr. under reflux. 
The product (3-8 g.) was purified by dissolving it (2-5 g.) in concentrated sulphuric acid (15 c.c.) 
and gradually adding water (4 c.c.) to the solution. On being stirred for 12 hr. the solution 
afforded crystals; these were collected, washed with sulphuric acid of the same strength, then 
with water, dried, and recrystallised from nitrobenzene. Long slender needles of 1 : 4-di-a- 
anthraquinonylamino-2-chloro-3-hydroxyanthraquinone separated (Found: C, 71:7; H, 3-0; 
N, 4-0; Cl, 5-15. C,y,H,,0;N,Cl requires C, 71-8; H, 3-0; N, 4-0; Cl, 5-1%). 

Action of Titanium Tetrachloride on 4-Nitro-1: 1’-dianthraquinonylamine. Formation of 
(IV; R! = R§? =H, R* = Cl).—The nitro-derivative (5 g.) was gently heated with titanium 
tetrachloride (12 c.c.) in o-dichlorobenzene (120c.c.). Brown fumes (nitrogen oxides ?) appeared 
above the reactants and a yellow crystalline sublimate formed. A vigorous reaction occurred 
at the b. p. and when this had subsided heating was resumed for 3hr. The resulting suspension 
was cooled and filtered, and the residue was washed with alcohol, then heated with hot dilute 
hydrochloric acid. After being washed and dried, the sparingly soluble 6-chlorodinaphtho- 

2,3-a, 2’,3’-ijcarbazole-5 : 10 : 15 : 17-diquinone (5-2 g.) crystallised from nitrobenzene as minute 
orange needles (Found: C, 72-1; H, 2-6; N, 3-2; Cl, 7-9. C,,H,,0,NCl requires C, 72-8; H, 
2-6; N, 3-0; Cl, 7-7%). ; 

6 : 9-Dichlorodinaphtho[2,3-a, 2,’3’-ijcarbazole-5 : 10: 15: 17-diquinone (IV; R’ =H, R? = 
R? = Cl).—In a similar preparation in which 4: 4’-dinitro-1 : 1’-dianthraquinonylamine (5 g.) 
was used instead of the 4-nitro-derivative a product (4-2 g.) resulted which crystallised from nitro- 
benzene as brown needles (Found : N, 3-2; Cl, 13-8. C,,H,,0O,NCI, requires N, 3-0; Cl, 14-3%). 
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155. Polymerisation of Thiophen Derivatives. Part VI.* 
Some Condensations of Nitrothionaphthen | : 1-Dioxides. 
By W. Davies and Q. N. Porter. 


Although when heated 6-nitrothionaphthen 1: 1l-dioxide does not con- 
dense with itself,1 with thionaphthen 1: 1-dioxide it forms a mixture 
of two 10: 11-dihydro-mononitro-9-thia-3 : 4-benzofluorene 9 : 9-dioxides. 
Only one mononitro-9-thia-3 : 4-benzofluorene derivative is isolated when 
thionaphthen 1: 1-dioxide is heated with its 5-nitro-derivative. 4- and 
5-Nitrothionaphthen 1: l-dioxide condense with themselves severally, to 
give the expected dinitro-9-thia-3:4-benzofluorene derivatives. Partial 
reduction of nitro- to amino-groups occurs with 5-nitrothionaphthen 1: 1- 
dioxide. All the tetracyclic compounds are apparently derivatives of 
9-thia-3 : 4-benzofluorene. 


CONDENSATION of certain thionaphthen 1: 1-dioxides with themselves, to give deriv- 
atives of 10: 11-dihydro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide (I) has been described by 
Davies and his co-workers }}* and by Bordwell, McKellin, and Babcock. Both groups 
of workers have indicated that only polymer and sulphur dioxide are produced when 
6-nitrothionaphthen 1 : 1-dioxide (III) is heated in solution at 180°. It is now found that 
when equimolar quantities of this sulphone and thionaphthen 1 : 1-dioxide (II) are heated 

* Part V, J., 1956, 2609. 

' Davies, James, Middleton, and Porter, J., 1955, 1565. 


* Davies, Gamble, and Savige, /., 1952, 4678 
* Bordwell, McKellin, and Babcock, J. Amer. Chem. Soc., 1951, 78, 5566. 
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in solution at 180°, three products are formed, viz., 10: 11-dihydro-9-thia-3 : 4-benzo- 
fluorene 9 : 9-dioxide (I), and two mononitro-derivatives of it fone, (IV; m. p. 270°) in 
much higher yield than the other (V; m. p. 311°)]._ Addition of bromine to the product 
(IV) gave a dibromide (VI) which was dehydrobrominated with pyridine to the nitro- 
sulphone (VII). Reduction of this with stannous chloride in cyclohexanol gave an amine 
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(VIII) which was deaminated to 9-thia-3 : 4-benzofluorene 9 : 9-dioxide (IX). Prolonged 
oxidation of the nitro-sulphone (IV) gave 4-nitro-2-sulphobenzoic acid (X), which was 
converted into the imide (XI), identical with a sample synthesised from 4-nitrotoluene-2- 
sulphonic acid* (XII). These results prove that the nitro-sulphone (IV) is 10: 11-di- 
hydro-7-nitro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide. 

This proof of the structure of the tetracyclic compound (IV), the main product of the 
interaction of the sulphones (II) and (III), shows that the sulphone (II) reacts as diene 
towards its nitro-derivative (III). It is to be expected that the introduction of the 
electrophilic nitro-group in any position in the benzene ring would increase the electron- 
deficiency and hence the dienophilic properties of the non-aromatic, 2 : 3-double bond in 
(II).6 This view has been used to indicate the probable structure of other derivatives of 
this series, where complete proof of structure is lacking. Another assumption has been 
made, namely, that the formation of 9-thia-1 : 2-benzofluorene derivatives is unlikely. 
Such a derivative has indeed been formed! in poor yield by heating thionaphthen 
1 : 1-dioxide without solvent at 195—200°, but has not hitherto been detected when the 
reaction has been carried out in solution, even at 180°. Accordingly the minor product, 


* Remsen and Gray, Amer. Chem. J., 1897, 19, 500. 
5 Bailey and Cummins, J]. Amer. Chem. Soc., 1954, 76, 1940. 








828 Davies and Porter: 


m. p. 311°, formed by the interaction of the sulphones (II) and (III) in solution at 180° is 
considered to be 10 : 11-dihydro-3’-nitro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide (V). 
5-Nitrothionaphthen (XIII) was synthesised from 2-chloro-5-nitrobenzaldehyde (XIV) 
by a modification of the method of Fries e¢ al.® Cancaten with hydrogen paveee gave 
the dioxide (XV) as described by Bordwell and Albisetti; * however, a little 6 : 2’-dinitro- 
9-thia-3 : 4-benzofluorene 9 : 9-dioxide (XVI) was also isolated. This may be ca 
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with the isolation of a small amount of 9-thia-3 : 4-benzofluorene 9 : 9-dioxide (IX) on 
oxidation of thionaphthen.2 When heated in solution at 180° 5-nitrothionaphthen 
1: 1-dioxide evolved sulphur dioxide and 10: 11-dihydro-6 : 2’-dinitro-9-thia-3 : 4- 
benzofluorene 9 : 9-dioxide (XVII) was formed, the structure of which was proved by 
reduction to the diamine (XVIII), followed by deamination to 10: 11-dihydro-9-thia- 
3: 4-benzofluorene 9 : 9-dioxide (1). The dinitro-compound (XVII) was converted into 
the aromatic oxidation product (XVI) via the dibromide (XIX). It is noteworthy that 
in one experiment heat converted the sulphone (XV) into a substance analysing as an 


* Fries, Heering, Hemmecke, and Siebert, Annalen, 1937, 527, 83 
? Bordwell and Albisetti, /. Amer. Chem. Soc., 1948, 70, 1955. 
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amino-10 : 11-dihydro-nitro-9-thia-3 : 4-benzofluorene 9: 9-dioxide. The conditions for 
the formation of this compound are apparently critical since the result could not be 
reproduced. 

A mixed condensation of equimolar quantities of 5-nitrothionaphthen 1 : 1-dioxide 
and thionaphthen 1 : 1-dioxide was also carried out. Only one mononitro-compound was 
isolated, 10: 11-dihydro-6-nitro-9-thia-3 : 4-benzofluorene 9: 9-dioxide. The structure 
of this was proved by permanganate oxidation to 5-nitro-2-sulphobenzoic acid, identified 
as before. The self-condensation products (I) and (XVII) of the two dioxides were also 
isolated. In one experiment 6-amino- and 6: 2’-diamino-10 : 11-dihydro-9-thia-3 : 4- 
benzofluorene 9 : 9-dioxide, (XX) and (XVIII), were isolated in low yield as well as the 
above products. These structures were proved by their formation by reduction of the 
corresponding nitro-compounds (XXV) and (XVII). 

The conditions for the production of these compounds proved difficult to duplicate, 
most experiments producing little or none of the amino-sulphones. It is found that less 
than the one mole of sulphur dioxide per mole of 5-nitrothionaphthen 1 : 1-dioxide is 
evolved when this side reaction occurs, and it may be that the reduction is brought about 
by sulphur dioxide, the non-aromatic 10: 11-bond of the molecule acting as hydrogen- 
donor. The use of aromatic nitro-compounds as dehydrogenating agents for the partly 
reduced rings produced by Diels-Alder reactions has been reported in a number of cases. 
Thus Bergmann, Haskelberg, and Bergmann ® have shown that, in nitrobenzene, 1-phenyl- 
butadiene and benzoquinone give the fully aromatic 1 : 5-diphenylanthraquinone instead 
of the expected octahydro-derivative. If such a mechanism is involved in the present 
case, derivatives of the fully aromatic 9-thia-3 : 4-benzofluorene 9 : 9-dioxide should also 
be produced; however, possibly owing to the low and variable yields of the reduction 
products, such compounds have not as yet been isolated. 

4-Nitrothionaphthen (XXI) has been synthesised from thionaphthen via 3-nitro- and 
3: 4-dinitro-thionaphthen as described by Fries e al.*® Oxidation gave the sulphone 
(XXI) as well as a little 5: 1’-dinitro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide (XXIII). 
Self-condensation occurred in the usual way at 180°, to give the dihydro-compound (XXIV). 
No amine has as yet been isolated from this reaction. 


EXPERIMENTAL 

Preparation of WNitrothionaphthen 1: 1-Dioxides——4-Nitrothionaphthen 1: 1-dioxide. 3- 
Nitrothionaphthen was prepared (55%) by nitration of thionaphthen with nitric acid in acetic 
acid,® then dinitrated with potassium nitrate in sulphuric acid,* and the resultant 3 : 4-dinitro- 
thionaphthen, m. p. 199-5—200° (32%), was reduced and deaminated to 4-nitrothionaphthen, 
m. p. 84°, with hydrogen sulphide in alcoholic ammonia (94%). 

4-Nitrothionaphthen (1-0 g.) in acetic acid (6-0 ml.) and 30% hydrogen peroxide (4 ml.) was 
heated on the water-bath for 2 hr. The product that separated on cooling was extracted with 
alcohol, giving 4-nitrothionaphthen 1 : 1-dioxide (X XI), needles (0-8 g.), m. p. 185-5—186° (Found : 
C, 45-6; H, 2-6. C,H,O,NS requires C, 45-5; H, 2-4%). The portion insoluble in alcohol 
was crystallised from benzene, giving prisms of 5: 1’-dinitro-9-thia-3 : 4-benzofluorene 9: 9- 
dioxide (XXIII) (0-025 g.), m. p. 271—272° (Found: C, 54:0; H, 2-4. C,,H,O,N,S requires 
C, 53-9; H, 2-2%). 

5-Nitrothionaphthen 1: 1-dioxide. 2-Chloro-5-nitrobenzaldehyde was prepared (85%) by 
nitrating o-chlorobenzaldehyde with sodium nitrate in sulphuric acid (cf. Hodgson and Beard 2°). 
The aldehyde was converted into 5-nitrothionaphthen-2-carboxylic acid (33%) in one operation 
by the method of Fries et al.,* successive reaction with sodium disulphide, chloroacetic acid, and 
sodium hydroxide. The acid, m. p. 238—240°, was decarboxylated to 5-nitrothionaphthen, 
m. p. 148—149°, with copper bronze in quinoline at 190°. 

The dioxide, m. p. 164—165° (Bordwell and Albisetti’ report m. p. 166°), was prepared by 
oxidation with hydrogen peroxide as before (Found : O, 30-5. Calc. for C,H,O,NS: O, 30-3%). 

* Bergmann, Haskelberg, and Bergmann, J. Org. Chem., 1942, 7, 303. 

® Fries and Hemmecke, Annalen, 1929, 470, 1. 

10 Hodgson and Beard, /., 1926, 147. 
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A small amount of alcohol-insoluble 6 : 2’-dinitro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide (XVI), 
needles (from benzene), m. p. 359—360°, was also formed (Found: C, 54:3; H, 2-4%). 

6-Nitrothionaphthen 1: 1-dioxide. Thionaphthen 1: l-dioxide was nitrated with fuming 
nitric acid, to give this dioxide, m. p. 188° (cf. Challenger and Clapham 1%). 

Self-condensation of WNitrothionaphthen 1: 1-Dioxides.—(a) 4-Nitrothionaphthen 1: 1- 
dioxide (0-25 g.) in o-dichlorobenzene (2-0 ml.) was refluxed for4hr. The product that separated 
on cooling was recrystallised from benzene, giving needles of 10: 11-dihydro-5 : 1’-dinttro-9- 
thia-3 : 4-benzofluorene 9: 9-dioxide (XXIV) (0-18 g.), m. p. 244—244-5° (Found: C, 53-9; 
H, 3-2. C,gH, 9O,N,5 requires C, 53-6; H, 2:8%). 

(b) 5-Nitrothionaphthen 1: 1-dioxide (0-25 g.) in o-dichlorobenzene (2-0 ml.) was treated 
as above. The product was 10: 11-dihydro-6 : 2’-dinitro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide 
(XVII) (0-16 g.), needles (from benzene), m. p. 236-—237° (Found: C, 54:0; H, 31%). Inone 
experiment the dioxide (0-1 g.) gave a compound considered to be 2’-amino-6-nitro- or 6-amino- 
2’-nitro-9-thia-3 : 4-benzofluorene 9: 9-dioxide, needles (from benzene), m. p. 234—235° 
(Found: C, 58-3; H, 3-5. C,,H,,0O,NS requires C, 58-5; H, 3-6%). The m. p. was depressed 
on admixture with (XVII), and the compound was soluble in dilute hydrochloric acid. 

The dioxide (XVII) (0-7 g.) in dry chloroform (30 ml.) was refluxed with bromine (0-6 ml.) 
for 7 hr. The solvent was removed and the residue, crystallised from cyclohexanol, gave pale 
yellow prisms of the dibromide (XIX) (0-8 g.), m. p. 320—321° (decomp.) (Found: C, 45:3; 
H, 2-5. C,H, 9O,N,SBr, requires C, 45-0; H, 2-3%). 

The dibromide (0-3 g.) in pyridine (15 ml.) was refluxed for 6hr. The product that separated 
on cooling was recrystallised from benzene, giving prisms of 6: 2’-dinitro-9-thia-3 : 4-benzo- 
fluorene 9 : 9-dioxide (XVI), m. p. 359—360°, alone or mixed with the material formed during 
the oxidation of 5-nitrothionaphthen. 

The dioxide (XVII) (0-35 g.) and stannous chloride dihydrate (1-0 g.) in cyclohexanol (15 ml.) 
containing concentrated hydrochloric acid (2-0 ml.) were refluxed for 1 hr. The complex that 
separated on cooling was set aside overnight with 40% sodium hydroxide solution (10 ml.). 
Concentration of a benzene extract of the insoluble material gave 6 : 2’-diamino-10 : 11-dihydro- 
9-thia-3 : 4-benzofluorene 9: 9-dioxide (XVIII) (0-11 g.), m. p. 152—153° (decomp.) (Found : 
C, 64-3; H, 4-9. C,.H,,O,N,S requires C, 64-3; H, 4-7%). 

The diamine (0-07 g.) in dilute hydrochloric acid (3-0 ml.) was treated with sodium nitrite 
(0-03 g.), and the tetrazo-solution was added to hypophosphorous acid (4-0 ml.) and kept 
overnight. The mixture was filtered and the brown residue was crystallised from alcohol 
(charcoal), giving needles of 10: 11-dihydro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide,} m. p. and 
mixed m. p. 181—182°. 

Mixed Condensations of Nitrothionaphthen 1: 1-Dioxides.—(a) 5-Nitrothionaphthen 1: 1- 
dioxide (3-0 g.) and thionaphthen 1: 1-dioxide (2-4 g.) in o-dichlorobenzene (36 ml.) were 
refluxed for 10 hr. The solvent was removed (reduced pressure) and the residue was dissolved 
in hot benzene (50 ml.). 10: 11-Dihydro-6 : 2’-dinitro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide 
(0-80 g.), m. p. and mixed m. p. 236—237°, separated on cooling. The filtrate was chromato- 
graphed on alumina. The first band (colourless, blue fluorescence in ultraviolet light) gave 
10 : 11-dihydro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide (0-82 g.), m. p. and mixed m. p. 181— 
182°. The second band (pale yellow, non-fluorescent) gave needles of 10: 11-dihydro-6-nitro- 
9-thia-3 : 4-benzofluorene 9: 9-dioxide (XXV) (1-25 g.), m. p. 212—212-5° (Found: C, 61-65; 
H, 3-8; S, 10-3. C,.H,,O,NS requires C, 61-4; H, 3-5; S, 10-2%). 

In one experiment carried out on approximately the above scale, 6-amino-10 : 11-dihydro- 
9-thia-3 : 4-benzofluorene 9 : 9-dioxide (XX) (0-07 g.), needles (from benzene), m. p. 248-—248-5°, 
was isolated (third, non-fluorescent band) (Found: C, 67-7; H, 45; N, 48; S, 11-4. 
C,gH,3;0,NS requires C, 67-8; H, 4:6; N, 4-9; S, 11-3%) together with 6 : 2’-diamino-10: 11- 
dihydro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide (fourth band), m. p. and mixed m. p. 152—153° 
(0-05 g.). The formation of these amines was erratic, the yields varying from 0 to 5%. The 
sulphur dioxide evolved was determined by absorption in dilute hydrogen peroxide and titration 
with standard sodium hydroxide. The yield varied from 0-92 mol. when no amines were formed, 
to 0-77 mol. where the total yield of amines was 8%. 

The dioxide (XXV) (0-3 g.) and stannous chloride dihydrate (0-7 g.) were refluxed with 
concentrated hydrochloric acid (1-0 ml.) in cyclohexanol (15 ml.) for 1 hr. The complex was 


11 Challenger and Clapham, /., 1948, 1615. 
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decomposed with sodium hydroxide as before, and the product, crystallised from benzene, 
gave 6-amino-10 : 11-dihydro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide, m. p. and mixed m. p. 
247—248°. 

The dioxide (XXV) (0-3 g.), potassium hydroxide (0-5 g.), and potassium permanganate 
(1-0 g.) in water (50 ml.) were refluxed for 20 hr. The solution was filtered from manganese 
dioxide, decolorised with sulphur dioxide, and concentrated to 10 ml. The salt that separated 
was dried at 110° and heated with phosphorus pentachloride (0-5 g.) and phosphorus oxy- 
chloride (0-5 ml.) for 1 hr. on the water-bath. The cooled mixture was decomposed with ice, 
and the crude dichloride was treated with aqueous ammonia (d 0-880; 15 ml.). The imide 
recrystallised from hot water as plates, m. p. 228°, undepressed with a sample synthesised from 
5-nitro-2-sulphobenzoic acid.1? 

(6) 6-Nitrothionaphthen 1: 1-dioxide (6-35 g.) and thionaphthen 1 : 1-dioxide (5-0 g.) in 
o-dichlorobenzene (110 ml.) were refluxed for 10 hr. The solvent was removed (reduced 
pressure) and the residue, in benzene, was chromatographed on alumina. The first band 
(colourless, blue fluorescence in ultraviolet light) gave 10 : 11-dihydro-9-thia-3 : 4-benzofluorene 
9: 9-dioxide, m. p. and mixed m. p. 181—182° (1-3 g.). A second band (pale yellow, no 
fluorescence) gave pale yellow prisms (from benzene) of 10: 11-dihydro-7-nitro-9-thia-3 : 4- 
benzofluorene 9 : 9-dioxide (IV), m. p. 269—269-5° (2-7 g.) (Found: C, 61-8; H, 3-8; N, 4:3. 
C,.H,,0,NS requires C, 61-4; H, 3-5; N, 44%). The third band (yellow, no fluorescence) 
gave orange prisms (benzene) of 10: 11-dihydvo-3’-nitro-9-thia-3 : 4-benzofluorene 9 : 9-dioxide 
(V) (0-10 g.), m. p. 310—311° (Found: C, 61-7; H, 3-6%). 

The nitro-sulphone (IV) (0-4 g.) and-bromine (0-4 ml.) in dry chloroform (30 ml.) were 
refluxed for 10 hr. The solvent was evaporated and the residue crystallised from benzene, 
giving prisms of the dibromide (VI) (0-42 g.), m. p. 231—232° (decomp.) (Found: C, 40-7; 
H, 2-6. C,,H,,O,NBr,S requires C, 40-6; H, 2-3%). 

The dibromide (0-35 g.) was refluxed with pyridine (5 ml.) for 4 hr. The product that 
crystallised on cooling was recrystallised from benzene, giving prisms of 7-nitro-9-thia-3 : 4- 
benzofluorene 9 : 9-dioxide (VII) (0-2 g.), m. p. 282—283° (Found : C, 62-0; H, 3-05. C,,H,O,NS 
requires C, 61-7; H, 29%). 

This nitro-sulphone (0-31 g.) was reduced with stannous chloride dihydrate (0-7 g.) in cyclo- 
hexanol and hydrochloric acid as before. 7-Amino-9-thia-3 : 4-benzofluorene 9 : 9-dioxide (VIII), 
needles (from benzene), had m. p. 266—267° (Found: C, 68-2; H, 4:0. C,.H,,O,NS requires 
C, 68-3; H, 3-9%). 

The amine (0-1 g.) was diazotised and treated with hypophosphorous acid as before, giving 
needles of 9-thia-3 : 4-benzofluorene 9 : 9-dioxide,? m. p. amd mixed m. p. 233—234°. 

The dioxide (IV) (0-6 g.) was oxidised as described for the 6-nitro-isomer. The acid was 
converted into 6-nitrosaccharin (XI), m. p. 208—209°, alone and mixed with a sample prepared 
from 4-nitrotoluene-2-sulphonic acid (XII).* 


The authors thank Monsanto Chemicals (Aust.) Ltd. for a scholarship (to Q. N. P.) and the 
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Dr. W. Zimmermann and his staff. 
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156. New Complexes containing Tellurium. 
By E. E. AyNsLEY and W. A. CAMPBELL. 


The preparation of the urea and the diazine salt of the pentahalogeno- 
tellurous acids (HTeX,) in which the stability of the [TeX,]~ anion increases 
from the chloride through the bromide to the iodide is described. 1:1 
Addition compounds of tellurium tetrabromide with tetranitrogen tetra- 
sulphide and its tetrahydride and dioxan have also been prepared. 


UnsTABLE acids of the form HTeX,, where X = Cl, Br, or I, were prepared by Metzner } 
and, although the corresponding fluorine-containing acid is unknown, metallic fluorides of 
the form MTeF; have been reported ? where M = Na, K, Cs, NHy, or Ba. On the other 
hand only one base-containing complex fluoride of the form (BH)TeX, has been described, 
viz., pyridinium pentafluorotellurite, (C;H,;NH)TeF,.2 Attempts to convert this com- 
pound into the corresponding chloride, bromide, and iodide by using the appropriate 
halogen acid proved unsuccessful and, instead, salts of the form (BH),TeX, were obtained, 
thus seeming to deny the existence of the chloride, bromide, and iodide of the general 
formula (BH)TeX,;. However, we have been able to prepare crystalline urea complexes of 
the form (CON,H,)TeX,;, where X = Cl, Br, or I, in which the stability of the [TeX,]- 
anion increases from the chloride to the iodide, as illustrated by the ready conversion of the 
chloride into the bromide or iodide and the bromide into the iodide by treatment with the 
appropriate halogen acid. Attempts to prepare the fluorine compound of this series were 
unsuccessful. 

Compounds of tellurium have also been prepared by using the diazines in which there 
are two equivalent nitrogen atoms in each six-membered ring available for the formation 
of complexes. Here the reactions seem to be governed largely by the relative positions of 
the nitrogen atoms in the molecule. Thus pyrimidine (1: 3-diazine) and pyrazine 
(1: 4-diazine) react with tellurium tetrabromide to form 1:1 addition compounds, 
(C,H,N,),TeBr,. These two compounds are powders which are readily converted into 
crystalline salts of composition (C,H,;N,)TeBr; on warming with hydrobromic acid. The 
corresponding chlorides and iodides can be prepared similarly and, as in the urea series, the 
stability of the [TeX,]~ anion increases from the chloride to the iodide. 

Pyridazine (1 : 2-diazine), on the other hand, forms an unstable addition compound 
with tellurium tetrabromide which rapidly deposits tellurium. However, when hydro- 
bromic acid solutions of pyridazine and tellurium tetrabromide are mixed, a stable 
crystalline salt is obtained of the form (CyH;N,),TeBrg. Further work on these reactions 
involving the diazines and similar bases is contemplated. We have also prepared 1: 1 
complexes of tellurium tetrabromide with tetranitrogen tetrasulphide and its tetrahydride, 
N,5,H,, and with dioxan. 


EXPERIMENTAL 


Analysis.—Tellurium was weighed as the element following reduction of the complex with 
sulphur dioxide and hydrazine, nitrogen was determined by the micro-Dumas method, and 
halogens (as silver salts) and sulphur (as barium sulphate) by the micro-Parr bomb method. 

Uronium Pentahalogenotellurites—Urea (0-6 g.), tellurium dioxide (2-0 g.), and the requisite 
concentrated halogen acid (10 ml.) were heated together to 60° on a water-bath. Except in the 
case of the fluoride, crystals formed in } hr. and were filtered off, recrystallised at least twice from 
the concentrated acid, washed with a little acid, and finally dried on the water-bath. Slow 
evaporation of the fluoride solution at laboratory temperatures during several months failed 
to produce a fluorotellurite. Uvronium pentachlorotellurite forms yellow crystals which begin 


1 Metzner, Compt. rend., 1897, 124, 1448. 

2 Wells and Willis, Amer. J. Sct., 1901, 12, 190; Mellor, ‘‘ Comprehensive Treatise on Inorganic and 
Theoretical Chemistry,”” Longmans, Green and Co., London, 1931, Vol. XI, p. 98. 

% Aynsley 2nd Hetherington, J., 1953, 2802. 
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to sublime with decomposition at 255° (yield 3-2 g.) [Found: Te, 35-1; Cl, 47-9; N, 7-9. 
(CON,H,)TeCl, requires Te, 34-9; Cl, 48-5; N, 7-7%]. 

Uronium pentabromotellurite forms red crystals which darken at 250° and sublime with 
liberation of elementary tellurium (yield 5-6 g.) [Found: Te, 21-5; Br, 68-7; N, 4-9. 
(CON,H,)TeBr, requires Te, 21-7; Br, 68-0; N, 48%]. Uvronium pentaiodotellurite consists 
of dark crystals resembling potassium permanganate which decompose without melting at 300° 
liberating iodine and tellurium metal (yield 8-0 g.) [Found: Te, 15-3; I, 76-9; N, 3-4. 
(CON,H,)TelI, requires Te, 15-5; I, 77-1; N, 3-4%]. All three penthalogenotellurites are 
insoluble in the common organic solvents and are rapidly hydrolysed by water forming a 
precipitate of tellurous acid suspended in a solution of the corresponding halogen acid. 

On dissolution of (CON,H;)TeCl,; in hot hydrobromic acid and cooling, red crystals of 
(CON,H,)TeBr, were deposited. Hot hydriodic acid converts either (CON,H,)TeCl, or 
(CON,H,)TeBr, into (CON,H,)Tel;. 

It is not possible to form these salts by dissolving the addition compounds between urea and 
the tetrahalides of tellurium in the appropriate halogen acid since the complexes are very 
unstable. Thus, when alcoholic solutions of urea and tellurium tetrabromide were mixed and 
warmed, a precipitate formed which was filtered off and dried in a vacuum. The product 
[presumably urea—tetrabromotellurium(Iv)], which was an amorphous, orange powder, rapidly 
lightened in colour and when exposed to the air quickly hydrolysed to tellurous acid. 

Diazine-tetrabromotellurium(tv) Complexes.—Ethereal solutions of tellurium tetrabromide 
(2-3 g.) and the appropriate diazine (0-4 g.) were mixed. Precipitates formed immediately, the 
reactions being almost quantitative. Pyrimidine—tetrabromotellurium(tv) (yield 2-6 g.) [Found: 
Te, 23-6; Br, 61-1; N, 5-0. (C,H,N,)TeBr, requires Te, 24-0; Br, 60-7; N, 5-3%] and 
pyvrazine—tetrabromotellurium(tv) (yield 2-5 g.) [Found: Te, 23-1; Br, 60-2; N, 4-9. 
(CsH,N,)TeBr, requires Te, 24-0; Br, 60-7; N, 5-3%] are stable, orange-red, microcrystalline 
compounds which hydrolyse in water to tellurous acid, are insoluble in the common organic 
solvents and at 150° darken and:liberate tellurium. That from pyridazine is unstable and 
rapidly turns green, then black owing to the separation of tellurium. If tellurium tetrachloride 
is substituted for the tetrabromide, the corresponding chlorides can be isolated. 

Diazinium Halogenotellurites—Tellurium tetrabromide (2-3 g.), concentrated hydrobromic 
acid (10 ml.), and the requisite diazine (0-2 g.) were mixed and warmed to 60° on the water- 
bath for several hours. On cooling, well defined dark red crystals separated which were 
filtered off, recrystallised from concentrated hydrobromic acid, washed with a little hydro- 
bromic acid, and dried in a vacuum to give pyrimidinium pentabromotellurite (yield 1-3 g.) 
[Found: Te, 20-4; Br, 65-5; N, 5-1. (C,H,N,H)TeBr, requires Te, 20-8; Br, 65-9; N, 4-6%] 
and pyrazinium pentabromotellurite (yield 1:3 g.) [Found: Te, 20-6; Br, 65-1; N, 4-7. 
(C,H,N,H)TeBr,; requires Te, 20-8; Br, 65-9; N, 4-6%]. The product from pyridazine, which 
was slower to form than the other two, was not the expected pyridazinium pentabromotellurite 
but dipyridazinium hexabromotellurite (yield 1-7 g.) [Found: Te, 16-8; Br, 61-0; N, 8-0. 
(CgH,N,H),TeBr, requires Te, 16-5; Br, 62-4; N, 7-3%]. These compounds can also be 
prepared by substituting tellurium dioxide for tellurium tetrabromide in the above preparations 
or by dissolving the diazine-tetrabromotellurium(Iv) complexes in concentrated hydrobromic 
acid. 

Pyrimidinium pentachlorotellurite and pyrazinium pentachlorotellurite, (CyH,N,H)TeCl,, 
were obtained as yellow crystals by substituting tellurium tetrachloride and hydrochloric acid 
for tellurium tetrabromide and hydrobromic acid. When pyridazine was used dipyridazinium 
hexachlorotellurite, (Cj,H,NH),TeCl,, was produced. The corresponding iodotellurites were 
prepared as black crystals by the dissolution of the chlorotellurites or bromotellurites in hot 
hydriodic acid and cooling. All these diazinium halogenotellurites blacken and decompose 
between 140° and 200°. They are hydrolysed to tellurous acid with water and are insoluble in 
the commoner organic liquids. 

Complexes of Tellurium Tetrabromide with Tetranitrogen Tetrasulphide and its Tetrahydride.— 
These were amorphous orange powders prepared by shaking the finely powdered sulphide or its 
hydride (2-0 g.) for several hours with an ethereal solution of tellurium tetrabromide. The 
products were filtered off, washed with ether and allowed to dry in air (yield 6-5 g.) [Found : Te, 
20-0; Br, 50-9; S, 20-3; N, 9-0. N,S,,TeBr, requires Te, 20-2; Br, 51-1; S, 20-2; N, 8-8%] 
(yield 6-5 g.) [Found: Te, 19-9; Br, 50-6; S, 20-5; N, 8-8; H, 1:0. N,S,H,,TeBr, requires 
Te, 20-1; Br, 51-0; S, 20-1; N, 8-8; H, 06%]. Both compounds blacken and decompose 
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without melting at 150—151°, are hydrolysed by water to tellurous acid, and are insoluble in 
organic solvents. 

Complex of Tellurium Tetrabromide with Dioxan.—A solution of tellurium tetrabromide in 
dioxan was allowed to evaporate at laboratory temperature. Red crystals of C,H,O,,TeBr, 
were deposited and were purified by redissolving in excess of dioxan, filtering the solution, and 
allowing the filtrate to evaporate at laboratory temperature. The resulting complex has a 
considerable vapour pressure of dioxan at ordinary temperatures and at 78° it decomposes and 
evolves dioxan (yield 90%) (Found: Te, 23-7; Br, 60-5; C, 9-1; H, 1-4. C,H,O,,TeBr, 
requires Te, 23-8; Br, 60-4; C, 9-0; H, 15%). The product is soluble in ether, alcohol, and 
chloroform but insoluble in benzene. Water hydrolyses it to tellurous acid. 


CHEMISTRY DEPARTMENT, KING’S COLLEGE, 
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157. Reversible and Irreversible Adsorption of Vapours by Solid 
Oxides and Hydrated Oxides.* 


By J. J. Krptinc and D. B. PEAKALL. 


Criteria are put forward for distinguishing between physical and chemical 
adsorption at room temperature on oxides and hydrated oxides. On a 
number of such adsorbents most simple organic vapours are adsorbed 
physically. On alumina, silica gel, and titania gel, water vapour and the 
vapours of the lower aliphatic alcohols are held by chemisorption if oxide ions 
are present at the surface. Physical adsorption can occur on the chemi- 
sorbed layer. Factors influencing desorption in such systems are discussed. 


ALTHOUGH it is possible to define physical adsorption and chemisorption of a vapour by 
a solid as distinct phenomena, an increasing number of cases is being reported in which it 
is not immediately obvious which type of adsorption is being observed (see, ¢.g., Trapnell +). 
Moreover, there appears to be no single experimental measurement which can provide a 
criterion applicable to all cases. Many authors would like to use the heat of adsorption for 
this purpose, heats of physical adsorption being usually lower than heats of chemisorption. 
There are, however, enough exceptions to this general rule for de Boer * to suggest that 
another criterion is desirable. The results for two systems with which this paper is 
concerned show the limitations of this criterion. 

From the data of Rossini e¢ a/.3 it can be calculated that the heat of reaction of water 
vapour with Al,O,,H,O (crystalline form not stated) to give gibbsite is 13-6 kcal./mole of 
water at 25°, and is 10-9 kcal./mole if the product is amorphous Al(OH). As the latent 
heat is 10-5 kcal./mole, and the expected maximum for the heat of physical adsorption is 
14-0 kcal./mole,! the observed heat of adsorption of water vapour on activated alumina, 
10-7 kcal./mole,* does not enable a definite conclusion to be drawn as to whether adsorption 
is physical or chemical. Similar data are not available for every silica gel which might be 
used, but an experimental figure of 11-0 kcal./mole of water vapour * may be compared 
with the calculated heat of conversion of quartz into H,SiO, of 9-8 kcal./mole of water. 

Superimposed on this is the probability that if a monolayer were chemisorbed, further 
vapour would, at room temperature, be physically adsorbed. The integral heat of 
adsorption may therefore be an average of the values for chemisorption and physical 
adsorption. Differential heats of adsorption would be more informative. Very few are 

* Some aspects of this work were discussed at the Chemical Society Symposium on ‘‘ Chemisorption ” 
held at the University College of North Staffordshire, Keele, in July, 1956. 


? Trapnell, ‘‘ Chemisorption,”” Butterworths, London, 1955. 

2 de Boer, Adv. Colloid Sci., 1950, 3, 1. 

* Rossini, Wagman, Evans, Levine, and Jaffe, National Bureau of Standards, Circular 500, 
Washington, 1952. 

* Gregg and Jacobs, Trans. Faraday Soc., 1948, 44, 574. 
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recorded in the literature, but it is notable that the isosteric heat of adsorption of water 
vapour on y-Al,O, is 105 kcal./mole of water at 1-075% adsorption, though it falls rapidly 
to 14 kcal./mole at 20%. Such very high values are thought to indicate that the water is 
chemisorbed by a “ solid with high energy surface strain condition.” > 

The difficulty of using the heat of adsorption as a criterion for these systems has led us 
to seek alternatives, and we have found that the following enable a reasonable distinction 
to be made between the two types of adsorption; they may also have a wider applicability. 

1. The desorption process should be thoroughly examined, especially the rate of 
desorption as a function of time. A physically adsorbed vapour can usually be desorbed 
readily and completely at the temperature at which it was originally adsorbed. Recently 
a number of systems has become prominent in which adsorption is mainly physical, but 
difficulty in removing a small fraction of the adsorbate has led authors to refer to 
irreversible adsorption and sometimes specifically to chemisorption. Examples include 
an irreversible hysteresis involving chemisorption in the adsorption of methyl alcohol by 
silica gel,* a slow surface reaction at 100° between n-propyl alcohol and ferric oxides,’ 
and frequent references to irreversible hysteresis or permanent adsorption at room temper- 
ature of water on silica gel *:%1° and on alumina.!® The criterion which we suggest to 
meet such cases is valuable when it can be applied precisely, as will be considered in the 
Discussion. 

2. The effect of temperature on desorption may be informative. A small rise in 
temperature may leave unaltered the amount of vapour chemisorbed. It will always 
increase the rate of desorption of physically held vapour. 

3. Chemisorption implies that a specific chemical reaction takes place. It may be 
possible to define this and seek, evidence that it occurs as postulated. Thus we have 
calculated for two solids the amounts of several vapours which could be chemisorbed on 
them and have obtained values close to those determined experimentally. This is a 
quantitative advance on the work of Pierce and Rice who examined the specificity of 
irreversible adsorption of water and of ethyl alcohol on a series of oxides.!4 

We have been concerned mainly with adsorption on different types of alumina and on 
silica gel, but have also re-examined experimentally some of the cases of adsorption on 
magnesium oxide and zinc oxide reported by Schreiner and Kemball,!* though using a 
different method. Their technique was to determine the adsorption isotherm and then 
to evacuate the solid with the adsorbed vapour for 15 hr. The volume of vapour which 
was then needed to complete the monolayer was determined, from which could be 
calculated the quantity of adsorbed material which remained on the surface after evacuation 
and which they regarded as “irreversibly adsorbed.”” In our experimental method, a 
weighed quantity of adsorbent was saturated with adsorbate and was weighed at intervals 
during subsequent desorption. This gave a gravimetric record of the extent of desorption 
and an indication of the rate of desorption at intervals. 


DISCUSSION 


The Criteria of Irreversibility and of Temperature Effect.—Schreiner and Kemball took 
as an arbitrary definition of irreversibility failure to clean the adsorbing surface by 
evacuation at 25° for 15 hr. We have suggested that this criterion is not entirely satis- 
factory,!* particularly as they did not indicate whether desorption continued after 


Cornelis, Milliken, Mills, and Oblad, J. Phys. Chem., 1955, 59, 809. 

Avgul, Dzhigit, Kiselev, and Shcherbakova, Zhur. fiz. Khim., 1952, 26, 977. 
Basford, Harkins, and Twiss, J. Phys. Chem., 1954, 58, 307. 

Barratt, Birnie, and Cohen, J. Amer. Chem. Soc., 1940, 62, 2839. 

Sing and Madeley, J. Appl. Chem., 1954, 4, 365. 

10 Papee, Compi. rend., 1952, 234, 952, 2536; Bull. Soc. chim. France, 1955, 14. 
11 Pearce and Rice, J. Phys. Chem., 1929, 38, 692. 

* Schreiner and Kemball, Trans. Faraday Soc., 1953, 49, 292. 

18 Kipling and Peakall, Research, 1955, 8, S 31. 
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15 hours’ evacuation. Desorption of organic vapours may be much slower than this at 
room temperature if the adsorbent is appreciably porous, a good example being found in 
the case of desorption of carbon tetrachloride from charcoal, where only physical 
adsorption could be involved. [In the original work, desorption was carried out by 
passing a dry air-stream through a short column of charcoal. We have compared this 
method with desorption by continuous evacuation of a small sample contained in a flask 
connected to a high-vacuum pump, and have found that the times required for desorption 











TABLE 1. Desorption of carbon tetrachloride from charcoal and carbon black, at 20°. 
Time of Rate of Time of Rate of 
desorption desorption Surface still desorption desorption Surface still 
(hr.) (mg./g./hr.) covered (°%) (hr.) (mg. /g./hr.) covered (%) 
Charcoal * (method A) Charcoal (method B) 
-_ . — ee - perenne —EEE 
5 an 46-5 5 1-9 43-9 
24 0-8 35-0 24 0-9 36-0 
48 0-6 30-8 48 0-5 31-2 
96 0-4 24-3 96 0-4 25-5 
120 0-4 22-3 120 4 - 23-4 
180 17-3 
Spheron 6 (method A) 
' ~~ — $y 
2 5 
6 2 3 
24 0 


* Complete desorption from the same sample was recorded by method A within 24 hours at 60°. 


were essentially the same for this system.] The carbon tetrachloride was not completely 
removed after 15 hr., and indeed was still being desorbed after 180 hr. (Table 1). It thus 
seems important in considering irreversibility as a criterion of chemisorption to record the 
rate of desorption at the time of concluding the experiment. 

In the remaining systems studied, either of the two methods described above has been 
used, according to convenience. Table 2 shows that with the oxides which we have 
investigated the results can be divided into three groups: (1) those in which desorption 
was complete within the time stated, usually 100 hr., (2) those in which desorption was 
still taking place after that time, and (3) those in which the rate of desorption had fallen 
below a measurable rate while leaving a substantial quantity of adsorbate still on the 
surface. 

The first group clearly represents reversible physical adsorption only. It will be noted 
that it includes fcur systems which appeared to Schreiner and Kemball, on the basis of 
desorption for a shorter period, to be showing irreversible adsorption (carbon tetrachloride 
on zinc oxide; acetone, chlorobenzene, and -propylamine on magnesium oxide). 

In the second group, desorption was still continuing at the end of the specified period, 
and the amount of vapour remaining on the surface was small. It seems reasonable to 
suppose, therefore, that desorption could be completed in a longer time. This was 
confirmed in most cases by continuing the desorption at 60°, when the remainder of the 
vapour was quickly removed. This is the behaviour of a system showing physical 
adsorption, and suggests that the system. in the second group, although exhibiting 
stronger adsorption than those in the first sroup, nevertheless are still showing reversible 
physical adsorption. The treatment at 6(:' is not comparable to Schreiner and Kemball’s 
evacuation at 410° of the zinc oxide on which carbon tetrachloride had been adsorbed. 
At such a temperature, pyrolysis of the carbon tetrachloride, either adsorbed or in the gas 
phase, might well be expected to occur, with possible reaction between the decomposition 
products and the surface. 

In the third group, the quantity of adsorbed material retained (in all cases either an 


44 Barrow, Danby, Davoud, Hinshelwood, and Staveley, J., 1947, 401. 
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TABLE 2. 


Group 1. (Figures in parentheses give time of contact in days before desorption was started.) 
Desorption complete 





within : 100 hr. (method A *) 24 hr. (method A) 
Adsorbent Adsorbates Adsorbent Adsorbates 
Boehmite... C,H,(5), cyclo-CgH,.(5), CpH,Cl,(1) MgO... CC1,(1), Me,CO(1), PhCl(1) 
y-Al,O, ... CgH,(4) Pr®NH,(1) 
SiO, gell CgH,(5), cyclo-CgHy,(5), CgH,CI,(1) 9 ZO see eeeeeeeeees CC1, (1) 
TiO, gel ... CgH,(5), cyclo-C,Hy,(5), C,H,Cl,(5)  Spheron6 ............ CCI, (1) 
Group 2. 
Time of Method of Residual Final rate 
contact desorpn.* amount adsd. of desorpn. 
Solid Vapour (days) (Time, hr.) mmoles /g.) (mg./g./hr.) 
BOONES occccicccvsscccsscsceses MeOAc 5t A (100) 0-37 0-38 
(HRA SRnesecceesaecenne on 5 B (100) 0-36 0-23 
samninacaaNentelniasniiielinian te 5 C (100) 0-28 0-18 
“ Gibbsite ’ ’-type adsorbent EtOH 1 t A (100) 0-41 0-4 
SID, Gel] .....ccccccccccceccvcees MeOAc 5 t A (100) 0-37 0-12 
MBO accccccccccccccccvccscccecsees EtOH l A (24) 0-031 0-0 
EAE I ik 7 A (24) 0-031 0-0 
I ii iccridintecinicsicdeamaien MeOAc 1+ A (24) 0-003 0-0 
5b “Redadinosangnesesesencsdocnsses Me,CO 1 A (24) 0-007 0-0 
PALE TEM EtOH lt 4 (24) 0-004 0-0 
Group 3. 
CO: sircintinintincbcbubeiuiinn MeOH 7 B (100) 1-47 0-1 
err ren cree ey ere EtOH 7 B (100) 0-88 0-1 
ax” ebeeabainenabanasnelanunis Bu"OH 7 B (100) 0-71 0-0 
Ee ee H,O. 7 B (100) 3-42 0-0 
I veniantenstnccintconion MeOH 1 B (100) 1-57 0-1 
dk. | Hines oan tama 7 B (100) 1-89 0-0 
(i(k be nemwndabededesee EtOH 1 B (100) 0-80 0-1 
EE nT iy erent fi 15 B (100) 1-01 0-1 
' ne eee ee ee i 30 B (100) 0-98 0-1 
' ES EERE Aa wit l C (100) 0-84 0-1 
f c-.  |latiidaratictanbanieae toad a 7 C (100) 1-02 0-1 
pS OR Aa Pr°OH 7 B (100) 0-89 0-1 
<j, CERO Ren eminRteR Bu®OH 7 B (100) 0-87 0-07 
scobibonbeesenseweosoets H,O 21 A (100) 4:17 0-0 
RE ore rete ee Corners ‘a 1 B (100) 3-36 0-0 
eR SAN ae # 7 B (100) 4-08 0-0 
ica iach cei Renal “i 1 C (100) 3-45 0-0 
sacar aamawekoanhakal ; 3 C (100) 3°75 0-0 
IE E | vsstncsecnciesssnodssces MeOH 1 B (100) 0-76 0-1 
' is. Aibtettnidniaeamnnenibeaeed mr 7 B (100) 1-12 0-1 
f PR ete renerere Cert) Uren EtOH 1 B (100) 0-76 0-1 
er eee ee: 7 B (100) 1-19 0-07 
RRR SD RNG Bu"OH 7 B (100) 1-05 0-06 
f sais .Sianthd sialic ia aaactian ai diehidail H,O 1 B (100) 0-78 0-0 
TR Aa a 7 B (100) 1-03 0-0 
pit reer rreer sn eoenennree EtOH 1 B (100) 0-65 0-0 
ice FLOPS PELE 7 B (100) 0-68 0-0 
Sl o:dageetiomemten ma oe Bu"OH 7 B (100) 0-69 0-0 
pslepiana neh maasiaien H,O 7 B (70) 0-75 0-0 
j Se BOE LD cccccccscccvavcscseccscs MeOH 14 B (100) 1-70 0-0 
er ed aaiee es eee EtOH 14 B (100) 1-41 0-05 
«se peeeniawacsreebanks Bu°"0OH 14 B (100) 1-24 0-03 
dheshcatsnbnicldiahed H,O 14 B (100) 1-83 0-0 
OED iscsenes cuss ecqevaensonveneses H,O 7 A (100) 10-13 0-0 
erence Lier ip H,O 7 A (50) 0-055 0-0 
* See Experimental section for details. +t Further desorption (method A) occurs at 60°. 
t No further desorption occurs at 60°. 
} alcohol or water) was considerable in relation to the surface area of the solid. Moreover, 
raising the temperature to 60° did not effect further measurable desorption. It is also 
I important to notice that the amount of vapour retained by the surface depended on the 
time of contact allowed before the commencement of desorption. This suggests that a slow 
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chemical reaction took place when the adsorbate and adsorbent were in contact; it 
appeared to be completed within 7—14 days. The total adsorbate includes the material 
chemisorbed, together with further vapour physically adsorbed by the new surface so 
formed. The physically adsorbed material is, of course, readily desorbed. 

The Criterion of Specificity—(i) Alumina. We have previous commented on the 
significance of alumina in this work, in that substances of composition Al,O;, AlO-OH, and 
Al(OH), can be recognised as crystallographically distinct phases, presenting surfaces 
containing oxide, oxide and hydroxide, and hydroxide ions respectively.1* The results 
show that the type of adsorption obtained with these adsorbents is sometimes specifically 
determined by the nature of the surface. 

Chemisorption of a water molecule by an oxide ion would result in formation of two 
hydroxide ions. We can calculate the extent to which this should occur. The unit cell 
of y-Al,O, can be represented as a cube of side 7-84 A, presenting eight oxide ions at each 
face.1®* For a sample of surface area 156 m.?/g. (see Experimental Section), 3-37 mmoles 
of water can be taken up by the oxide ions in 1 g. of solid. This agrees well with the 
observed value of 3-43 mmoles/g. Water in excess of this amount is physically adsorbed, 
which accords with our supposition that the surface is equivalent to that of gibbsite. 

de Boer and Houben !8 have found the same adsorption of water for unit surface area of 
y-Al,O,, using a sample of different total surface area (85 m.?/g.). They have, however, 
interpreted their results in terms of the conversion of the two outermost layers into 
AlO,OH, and suggest that water can be physically adsorbed on its surface. This does not 
agree with our finding that both water and alcohols can be chemisorbed by boehmite, but 
not by a gibbsite-like surface. The formation of a ‘ surface layer of gibbsite ’’ by reaction 
of water with corundum («-Al,03), exactly analogous to the reaction we propose for y-Al,Og, 
has recently been postulated.!® 

The corresponding calculation for boehmite (y-AlO,OH) is rather less precise because 
the AlO-OH “ molecule ”’ presents different areas in the three planes of the crystal: 11-2, 
10-5, and 17-4 A? in the a (100), b (010), and c (001) planes respectively * (Plate). If we 
assume that the molecule is equally likely to present each of these faces at the surface of 
the sample, then three molecules of water are required for every 39-1 A? of surface, or 
3-2 mmoles/g. for a material of surface area 250 m.?/g. The maximum adsorption would 
occur if the entire surface presented the } plane, giving a value of 4-0 mmoles/g.; the 
minimum (for presentation entirely in the c plane) would be 2-4 mmoles/g. 

In fact, the commercial material contains rather less ‘“ combined water’”’ (actually 
16-6% referred to Al,O,) than the ideal formula requires (17-5%). This deficiency implies 
that the material has been slightly over-calcined, giving an excess of oxide ions over the 
stoicheiometric proportion, which could take up a further 0-5 mmoles of water per g. of 
solid. The oxide ions, which are likely to have been formed in highest concentration at 
the surface, may have been replaced, in part, by hydroxide ions migrating from the interior 
of the granules, but as the manufacturing process presumably terminated a short period 
after the composition AlO-OH was reached, a substantial proportion of the oxide ions may 
remain at the surface. 

The calculated maximum figure now becomes 4-5 (allowing the maximum surface 
effect for over-calcining) and the minimum 2-4 mmoles/g. (allowing no surface effect for 
over-calcining). The experimental value of 4-1 mmoles/g. could represent adsorption to 
the extent of a monolayer, but could not represent conversion of two layers of oxide into 


* Calculations based on a different unit cell !” give essentially the same result. 

1° Kipling and Peakall, J., 1956, 4828. 

'* Hagg and Soderholm, Z. phys. Chem., 1935, 29, B, 881; Kordes, Z. Krist., 1935, 91, 193. 

17 Jellinek and Fankuchen, Ind. Eng. Chem., 1945, 37, 158. 

18 de Boer and Houben, Proc. International Symposium on the Reactivity of Solids, Gothenburg, 
1952 

#® O’Connor, Johansen, and Buchanan, Trans. Faraday Soc., 1956, 52, 229. 

* Reichertz and Yost, J. Chem. Phys., 1946, 14, 495. 
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PLATE Models of y-AlO*OH crystal showing (a) the a plane, (b) the c plane. 
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hydroxide ions. Work on similar oxides 2! suggests that migration from the surface to 
the interior of the solid is not likely to occur at room temperature at a measurable rate. 
The most reasonable conclusion, therefore, is that water is chemisorbed at the surface 
only and that it saturates there all the available oxide ions, giving a surface equivalent to 
that of gibbsite, y-Al(OH),. This accords with the X-ray findings of Imelik.22 The 
behaviour of boehmite in this respect should be contrasted with that of magnesium oxide 
which, at room temperature, suffers bulk conversion into the hydroxide.** 

Our conclusion explains the unexpectedly high adsorption of water by titania coated 
with alumina which was reported by Harkins and Jura,™ and their observation that an 
excessively long time was required for equilibrium to be established. Similarly, the 
exchange of oxygen-18 between water and both y-Al,O, and y-Al,0,,H,O at 100° and 
below ?! is indicative of the type of chemisorption we have postulated. 

The specific adsorption of the alcohols is equally important. In this case the chemi- 
sorption might occur at either the oxide or the hydroxide sites. Experimentally it is found 
with anhydrous alumina and with boehmite, but not with the gibbsite-like surface. We 
therefore conclude that there is no reaction with the hydroxide groups, the oxide ions only 
being involved. The reaction with boehmite can then be represented by the equation 
AIOH(‘O) + EtOH = Al(OEt)(OH),. 

After 100 hr., there is still a slow desorption of ethyl alcohol, though not of water, 
adsorbed on anhydrous y-alumina and on boehmite. While it is possible that this 
represents further desorption of physically adsorbed alcohol, it is much more likely to be 
due to the decomposition of the chemisorbed alcohol to give ethylene. This reaction has 
been shown to occur on boehmite at room temperature at a rate which would explain our 
residual desorption.*5 

Alcohols are chemisorbed on both anhydrous alumina and boehmite to a much smaller 
extent than is water. This can be understood by considering the size of the alkyl groups 
relative to the spacings in the surface. Thus a methyl group (of radius 2 A) adsorbed on 
one oxygen ion (of radius 1-3 A 2) in the y-Al,O, surface blocks access to the neighbouring 
oxygen atoms, so that reaction can only occur at every other oxygen atom. For the 
larger alkyl groups (cross-section 18-4 A227) only one oxygen atom in three is available 
(Fig. 1). The calculated chemisorption is then as shown in Table 3. The experimental 


TABLE 3. Chemisorption by y-Al,O, (mmoles/g.). 


Water Methyl alcohol Ethyl alcohol 2-Butyl alcohol 
COE xcessccscvsccsnces 3°37 1-68 1-12 1-12 
GREW | ccccsesccccceceens 3-42 1-47 0-88 0-71 


values are lower than those calculated; this could be attributed to the exclusion of the 
longer-chain molecules from the narrowest pores, or to inefficient packing caused by random 
adsorption in such a system.}»*8 

The corresponding calculation for boehmite again requires consideration of the three 
faces individually. By reference to diagrams of the structure *° or to photographs of 
models (see Plate),”® it is possible to estimate semi-quantitatively the number of oxide ions 
which can take part in chemisorption of each of the four alcohol molecules which we have ex- 
amined. Thus alkyl groups perpendicular to the surface could, as a maximum, be adsorbed 
on | in every 3 oxide ions in the a plane (1 in every 2 for methyl) and on 1 in every 2 in the c 
21 Whalley and Winter, J., 1950, 1175; Mills and Hindin, J]. Amer. Chem. Soc., 1950, 72, 5549. 
22 Imelik, Compt. rend., 1951, 223, 1284. 
23 Razouk and Mikhail, J. Phys. Chem., 1955, 59, 636. 
* Harkins and Jura, J. Amer. Chem. Soc., 1944, 66, 1366. 
*5 Heinemann, Wert, and McCarter, Ind. Eng. Chem., 1949, 41, 2928. 
26 Pauling, ‘‘ The Nature of the Chemical Bond,’ Cornell Univ. Press, New York, 1948. 
2? Kipling, J. Colloid Sci., 1955, 10, 156. 
Langmuir, /., 1940, 511. 
Russell, Technical Paper No. 10 of the Aluminum Company of America, Pittsburgh, 1953 
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plane. In the d plane, the oxide ions are recessed below the level of the hydroxide groups and 
are inaccessible to the alcohol molecules (Fig. 2), unless considerable distortion takes place. 
On the assumptions made for adsorption of water this gives a maximum chemisorption of 
1-03 mmoles/g. in the general case, and 1-24 mmoles/g. for the smaller methyl alcohol. The 


Fic. 2. (a) Face of b plane in y-AlO-OH crystal. 
(b) Cross-section through AB. 


Fic. 1. Size of ethyl radical in relation 
to the tons in the a plane of the 
y-AlO-OH crystal. 
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Open circles, OH~; shaded circles, O?~ ; 
dotted circles, Al. 





experimental figures are again somewhat lower than this, except in the case of methyl 
alcohol (Table 4). 


TABLE 4. Chemisorption on y-AlO-OH (mmoles/g.). 


Water Methyl alcohol Ethyl alcohol n-Butyl alcohol 
| a ae 3-70 1-24, 1-85 1-03 1-03 
CTV cccccccccaccsesce 4-08 1-89 0-98 0-87 


It has been suggested that the methyl group in methyl alcohol (but not in any other 
alcohol) can form hydrogen bonds with oxygen atoms in silicate minerals.°®° The same 
phenomenon with boehmite might allow adsorption on alternate atoms in the b plane, 
giving a maximum chemisorption of 1-85 mmoles/g., close to the observed value. For the 
other alcohols the differences between the observed and calculated values are similar to 
those found for anhydrous alumina and can be explained in the same way. They would, 
of course, De somewhat larger if the calculated values were based on a model for the surface 
which would give agreement between the calculated and observed values for water. The 
precision of these calculations is limited, however, by our inability to allow for such 
distortions of the crystal lattice as may occur at the surface. 

(ii) Silica gel. Chemisorption of water by silica gel would also involve conversion of 
oxide into hydroxide groups. As silica gels have no uniform composition, the number of 
oxide groups in a given area is uncertain, and thus any calculation of a theoretical 
adsorption value comparable to that made above is precluded. Nevertheless, our value for 
chemisorbed water is about the same (ca. 2%) as that for the “ irreversibly adsorbed ” 


8° MacEwen, Trans. Faraday Soc., 1948, 44, 349; cf. Bradley, J. Amer. Chem. Soc., 1945, 67, 975 
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water observed by Rao,®! Sing and Madeley,? and Papee,!® and for the water which 
Kurosaki showed, from changes in the apparent dielectric constant of the gel, to be 
“ firmly bound ” to the surface.** 

These comparisons should not be pressed too far without further data about the various 
gels used and the times allowed for adsorption. It does seem, however, that in each case 
chemisorption of the type we suggest explains the observed results and confirms earlier 
views on the “ hydration” of silica gel.**»*# It also confirms the view ** that there are 
limitations in the use of water vapour adsorption isotherms for determining the surface 
areas of silica gels.°® 

By contrast with boehmite, silica gel can chemisorb as many mols. of ethyl alcohol 
as of water. Shapiro and Weiss and others*?38 have shown that most of the 
“ constitutional ”’ water in silica gels is present as hydroxide groups in the surface. The 
oxide groups are probably present in smaller numbers and may thus be well spaced as 
compared with those in boehmite. If this is so, the chemisorption of an alcohol molecule 
by one oxide group should not interfere with chemisorption by any other oxide group, and 
the numbers of alcohol and of water molecules adsorbed should be equal. This conclusion 
was tested by heating the original gel to 425° for a time which reduced the “ constitutional ”’ 
water from 4% to 25%. The second sample would thus have a higher ratio of oxide to 
hydroxide groups in the surface, though the specific surface area (as shown by the 
adsorption of benzene vapour) was unchanged. The second sample chemisorbed fewer 
millimoles of any alcohol per gram than of water, and again there was a considerable 
difference in the amounts of methyl and of ethyl alcohols adsorbed. This result confirms 
the general explanation given in the section on alumina. 

(iii) Titania gel. Our general results run parallel to those for silica gel. The amount of 
water chemisorbed is again about the same as that which Rao found to be irreversibly 
adsorbed.*® 

(iv) Magnesium oxide and zinc oxide. While this work was in progress a paper was 
published showing that water vapour reacts with more of the magnesium oxide crystal 
than the surface layer, the extent of the reaction depending on the temperature at which 
the sample is prepared.** Our results agree with this. The reaction with ethyl alcohol, 
however, is a surface reaction which does not go to completion. 

The experiments with zinc oxide are more difficult to interpret with certainty because 
the surface area is so small. It seems probable, however, that both water and ethyl 
alcohol are chemisorbed to the extent of less than a monolayer. 

General. The criteria we have suggested, when applied to our experimental work, lead 
to the conclusion that organic vapours are not, in general, chemisorbed by alumina or by 
silica gel at room temperature. The exceptions are the lower aliphatic alcohols which are 
specifically held by oxide ions, as is also water vapour. The evidence presented under the 
three criteria suggested seem to justify the use of the term “‘ chemisorption ” where authors 
have previously referred to “ irreversible hysteresis ”’ or “‘ permanent adsorption.” ®% 1° 

A final comment may be made on the rates of desorption. These depend to some 
extent on the strength of binding of the vapour to the surface. Another factor, however, 
may be of equal or even greater importance. The desorption of carbon tetrachloride from 
the charcoal used in this work is very much slower than its desorption from the carbon 
black. There is not sufficient difference in the chemical nature of the surface to account 
for this, nor does the difference (about 5-fold) in the specific surface areas seem to be 


31 Rao, J. Phys. Chem., 1941, 45, 513. 

32 Kurosaki, J. Phys. Chem., 1954, 58, 320. 

33 Carman, Trans. Faraday Soc., 1940, 36, 964. 

34 Zhdanov, Doklady Akad. Nauk S.S.S.R., 1949, 68, 99. 

3° Shapiro and Kolthoff, J. Amer. Chem. Soc., 1950, 72, 776 

*° Gans, Brooks, and Boyd, Ind. Eng. Chem. Anal., 1942, 14, 396. 

8? Shapiro and Weiss, J. Phys. Chem., 1953, 57, 219. 

38 Tler, ‘‘ The Colloid Chemistry of Silica and Silicates,’’ Cornell Univ. Press, New York, 1955. 
39 Rao, J. Phys. Chem., 1941, 45, 500. 
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directly relevant. On the other hand, the charcoal is a highly porous material containing 
very fine pores, whereas the carbon black is effectively non-porous. The transfer of 
vapours through fine capillaries is so slow as to retard very considerably, for charcoals, the 
desorption of even weakly held adsorbates, as can be seen from examples given by 
de Boer.4° [It is presumably because this is the rate-determining stage of desorption 
that our two methods of desorption require equal times.] Clearly any criteria of 
reversibility of adsorption based on times required for desorption must recognise the 
importance of porosity of the adsorbent. 


EXPERIMENTAL 

Adsorbents.—The activated alumina (boehmite) was Messrs. Peter Spence’s ‘‘ Type A”’ 
activated alumina, stated by the manufacturers to be essentially sub-crystalline y-Al,O;,H,O, 
with a surface area of 250 m.?/g. When heated to 1100°, it lost 14-2% of its weight, or 16-6% 
referred to the residual «-Al,Oy . 

y-Al,O, (anhydrous alumina) was made by heating the boehmite to 700° for 24 hr.; this is 
sample 2 of our earlier paper.15 Comparison of the monolayer value for benzene on y-Al,O; 
with those on boehmite gives a surface area for y-Al,O, of 156 m.*/g. Gregg and Sing’s 
results #1 suggest that alumina prepared at 700° may retain up to 1% of combined water. In 
view of the difficulty of removing this water, we think it unlikely that the surface layer contains 
a sufficient proportion of it to alter significantly the conclusions drawn above. 

Boehmite with the gibbsite-type (hydroxylic) surface was prepared by allowing boehmite to 
stand under water for 4 weeks at room temperature and then drying it at about 80°. This 
procedure was followed because gibbsite cannot be made in bulk with a large specific surface 
area. 

The silica gel was Messrs. Joseph Crosfield’s non-activated ‘‘ Sorbsil.’’ On dehydration ina 
furnace it lost approximately 4% of its weight. A second sample was made by heating this 
gel for 24 hr. at 425°. On ignition, the second sample lost 2-5% of water. 

The titania gel was made by precipitation with ammonium hydroxide from an aqueous 
solution of titanium tetrachloride. The precipitate was washed by decantation and dried slowly 
at temperatures not exceeding 100°. Further washing with water in a Soxhlet apparatus was 
needed to remove final traces of chloride. 

The zinc and magnesium oxides were ‘‘ AnalaR ’’ samples. 

The charcoal was that used by Blackburn and Kipling,** and the carbon black was Spheron 
Grade 6, supplied by Godfrey L. Cabot, Inc. 

Adsorbates.—Purification of most of the adsorbates has been described previously.'> 4 4 
Carbon tetrachloride was dried (Na,SO,) and fractionated. The fraction used had n? 1-4602— 
1-4603 in agreement with the value given by Timmermans.“ 

Procedure.—The solids were saturated at room temperature with the substance to be 
investigated, and the time between saturation and the start of desorption was noted. 
Desorption was carried out by one of the following methods: (A) The adsorbent was packed 
into a short column (2-3 cm. long, 1-8 cm. diam.), through which an air-stream, free 
from moisture and carbon dioxide, could be passed at 4—1 litre per min. The column could be 
kept in a thermostat at either 20° or 60°. It was weighed at intervals to follow the extent of 
desorption. (B) A similar quantity of adsorbent was placed in a small flask connected to a 
high-vacuum pump. The flask was weighed at intervals. The residual pressure did not 
exceed 10°? mm. mercury. (C) In a few cases, the residual pressure, after evacuation with a 
mercury pump, was about 10-5 mm. Hg. 


We thank Peter Spence and Sons Limited for some alumina samples, Joseph Crosfield and 
Sons Limited for the gift of the silica gel, and British Titan Products and Company Limited for 
the titanium tetrachloride from which the titania gel was made. We are also grateful to 
Dr. A. S. Russell of the Aluminum Company of America for permission to reproduce the Plate. 
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158. Infrared Absorption Bands Associated with the NH Group. 
Part I. Some Secondary Aromatic Amines. 


By D. Hapézr and (Miss) M. SKRBLJAK. 


Infrared spectra of seven secondary aromatic amines derived from 
aniline contain bands characteristic of the C-NH group near 1510 and 1260 
cm.~!, the first due mainly to an NH deformation vibration, and the other 
to the stretching of the C-N bond. The corresponding bands in the spectra 
of the deuterated compounds are near 1120 cm.“!, and between 1320 and 1370 
cm."}, respectively. 


INFRARED spectra can be used to differentiate with certainty between the OH and the 
NH group by means of stretching vibrations, only if the band positions for the free groups 
can be measured. If hydrogen bonding cannot be disrupted, owing either to its being of 
intramolecular type or to the low solubility of the compound in the appropriate solvents, 
the distinction becomes unreliable. Bands due to deformation vibrations may be helpful 
in such cases, but there are difficulties in such cases. First, it is difficult to detect these 
bands without the use of deuterium substitution. Secondly, the deformation vibrations 
of the light atoms are seldom independent of those of the molecular skeleton, this coupling 
being the cause of multiple shifts of bands on deuteration; hence, these vibrations do not 
give rise to bands characteristic of OH or NH groups alone, although the situation seems 
to be better with analogous OD and ND vibrations.1;?_ Finally, the positions of the bands 
associated with deformation motions are known only for few compounds containing OH 
and NH groups. The first of these difficulties is not serious: by appropriate techniques, 
most compounds may be deuterated satisfactorily with a few drops of deuterium oxide in 
quantities sufficient for spectroscopic examination, the time required for the whole 
operation being less than an hour. The second difficulty may be turned to an advantage : 
if there are in fact no bands characteristic of OH or NH bending vibrations as such, groups 
of several bands depending on hydrogen motions and their shift on deuterium substitution 
may be found to be characteristic of larger groups of atoms; for instance, the bands 
associated mainly with the in-plane bending of OH groups in alcohols,* phenols,‘ car- 
boxylic acid dimers,® and unsaturated hydroxy-carbonyl compounds! appear within 
rather a wide range of wave numbers, but the positions of the corresponding OD bands 
together with the shifts of other bands, particularly those associated mainly with the 
stretching of the oxygen bonds, offer suitable means of recognising the functional groups. 
The bands of the secondary amide group and their behaviour ® on deuteration also 
exemplify this. A systematic study of various types of compounds containing OH and 
NH groups, severally, will doubtless disclose further characteristic groups of bands and 
widen the scope of the infrared analysis, particularly for the determination of structures 
of complicated natural products. Moreover, it is possible that some empirical relation 
will be established between the frequencies of the hydrogen bending vibrations and the 
associated skeletal vibrations on one hand, and between the electronic structure and bond 
interactions in the functional group on the other. There appears to be very little known 
of the bending frequency of various types of NH groups, although the situation is better 
with the NH, group.’ It is proposed in this series of papers to present and discuss the 
infrared spectra of several types of compounds containing the secondary amino-group, 


Bratoz, Hadzi, and Rossmy, Trans. Faraday Soc., 1955, 52, 464. 

Frazer and Price, Nature, 1952, 170, 490. 

Stuart and Sutherland, J. Chem. Phys., 1956, 24, 559. 

Mecke and Rossmy, Z. Elektrochem., 1955, 59, 866. 

Hadii and Sheppard, Proc. Roy. Soc., 1953, A, 216, 247. 

Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,’”’ Methuen & Co., London, 1954, p. 175. 
Idem, op. cit., p. 212. 
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including aromatic amines, thioamides, aliphatic amines, hydroxamic acids, hydrazones, 
and the hydrohalides of pyridine. 

This paper is concerned with the spectra of some nitrogen- and ring-substituted anilines, 
attention being centred on the bands due to the NH bending and CN stretching vibrations. 
The NH stretching bands will not be dealt with, since they presented no new features 
during this study. Comparison of the spectra of simple compounds with their ND 
analogues has been adopted as the main method for the detection of the bands associated 


with the C>NH group. The spectral differences between the compounds in the free 


and the hydrogen-bonded state, which are often used for the detection of bands due to the 
vibrations of the bonded groups, were too small to be of use, except for the vNH bands. 
This is also the reason why only the spectra of the liquid substances are discussed. 
Results—Most of the spectra investigated show one, more or less distinct band near 
1510 cm.-! in addition to the aromatic band near 1500 cm.-! (Fig. 1 and Table). The 


Wave numbers of the bands due to the C-NH-C group of secondary aromatic amines 
(liquid, except diphenylamine). 





Deuterated 

Compound 8NH vCar-N bND ae 
NBGA aces csccccccccccceccsccccescoess (1511) * 1262 1122 1351 
ECE TELE Ne 1513 1256 1127 coo 
ING oscscesiccnccesesccsexessescatccness 1514 1241 1083 1370 
N-Ethyl-o-toluidine ..............:c.eceeeeeee eens (1515) 1261 1148 1326 
N-Ethyl-m-toluidine ..... sen 1508 1259 1149 1342 
N-Methyl-f-toluidine ...............seeceeeeeeee (1527) 1261 1126 1335 
p-Chloro-N-methylaniline  ...............eeeee. 1511 1261 1129 1348 


* Wave numbers in parentheses refer to bands due to ring vibrations, and probably embrace also 
the NH bands. 


former appears well resolved with diphenylamine and N-ethyl-m-toluidine, but less well 
so with N-ethylaniline and #-chloro-N-methylaniline. With N-methylaniline, N-ethyl-o- 
toluidine and N-methyl-f-toluidine, there is one band only near 1500 cm.-1. The extra 
band disappears on deuteration, whereas the single band in the rest of compounds becomes 
somewhat narrower and slightly displaced. There appears a single, narrow band in this 
part of the spectra of the three tertiary amines examined (dimethylaniline, diethylaniline, 
and triphenylamine). A strong feature of the secondary amine spectra near 1260 cm.-4 
belongs obviously to the C-NH group vibrations because it disappears regularly on 
deuteration and is replaced by new bands: one of these is near 1350 cm.-!, but the situation 
appears to be complicated by the simultaneous changes in intensity and slight displace- 
ments of a band near 1320 cm.-!, which is possibly an aromatic band; the other new band 
is between 1080 and 1120 cm.-}, is rather strong with -chloro-N-methylaniline and 
N-methylaniline, but weak with diphenylamine, and does not appear distinctly with 
N-ethyl-m-toluidine for which only a change of the relative intensities of the bands near 
1120 cm.-! takes place. 

The vibrations of the C-NH°C group are expected to give rise to three bands in the 
region between 1600 and 1100 cm.-'. Two of the corresponding vibrations are to be 
associated with the stretching of the C-N bonds, the third being an angle-bending mode 
in which the hydrogen atom presumably moves asymmetrically to the plane bisecting the 
CNC angle. There is little experimental evidence available as to the probable position of 
the last band. In aliphatic secondary amines, the NH bending band is assumed ® to be 
near 1450 cm."!, and the amide II band near 1550 cm.- is associated ? with a mainly NH 
bending motion. Therefore we may take the band or the shoulder near 1510 cm.-! as a 
possibility for this vibration. We can support this with the fact that the band is absent 


® Barr and Haszeldine, J., 1955, 4169. 
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from the spectra of the two tertiary amines examined as well as from those of the deuterated 
compounds. In the three cases in which no second band appears near 1510 cm.-!, the 
3NH band may be covered by the strong aromatic band at 1500 cm.-1. The ND bending 
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Fic. 1. Infrared spectra of secondary aromatic amines: A, N-methylaniline; B, N-ethylaniline; C, di- 


phenylamine; D, N-ethyl-o-toluidine; E, N-ethyl-m- toluidine ; F, N-methyl-p-toluidine; G, p- -chioro- 
N-methylaniline. Liquid films, except C (solid, mulled with Nujol and hexachlorobutadiene). 


Fic. 2. Infrared spectra of deuterated aromatic amines. Key as in Fig. 1. 


band is to be expected at lower wave numbers. We find actually a new band in the 
spectra of the deuterated compounds near 1120 cm.~} (Fig. 2), the ratio of the frequencies 
approximating to the theoretical one of 1-38. Smaller shifts observed with other bands 
demonstrate, however, that the bending vibrations of the NH (or ND) group couple 
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considerably with the vibrations of the other atoms, and therefore the assignment of the 
bands near 1510 and 1120 cm! to the 8NH and 8ND modes, respectively, are 
rough approximations only. 

The CN stretching vibration in methylamine has been established® at 1044 cm.-!, and 
the spectra of simple secondary aliphatic amines show a strong band between 1130 and 
1170 cm.-!, which is to be associated with skeletal vibrations in which the CN bonds 
participate strongly.1° The C-N bond, the carbon atom of which is part of an aromatic 
ring, is appreciably shorter 14 than the CN bond in aliphatic amines; ! hence, the aromatic 
vCN vibration should absorb at higher wave numbers corresponding to the increase in the 
double-bond character. Therefore the strong band near 1260 cm.! in the spectra of the 
ordinary amines and the similarly strong band near 1350 cm."! in the spectra of their 
deuterated analogues appear suitable for assignment to the stretching vibration of the 
C,:-N bond. This assignment, together with that of the band near 1510 cm.“ due mainly to 
the NH deformation vibration, forms a parallel to one of the current interpretations * 
of the secondary amide spectra. The explanation of the shift on deuteration of the band 
attributed at present to the vCN vibration from about 1260 cm.-! to near 1350 cm.“ may 
be explained accordingly ? by assuming a strong coupling between this vibration and the 
8NH. The interpretation of the amine spectra may alternatively be made along the 
lines adopted recently by Miyazawa e¢ al.'* for the interpretation of the amide spectra. 
This would lead to the assumption that the band near 1510 cm.-! has mainly the character 
of the CN stretching whereas that near 1260 cm.-! would be preponderantly 3NH in 
character, both being strongly coupled. Deuteration would lift the accidental degeneracy 
so that the resulting bands near 1120 and 1350 cm.-! would be almost “ pure” 8NH and 
vCN. However, our present standpoint is favoured by the comparison with the spectra 
of the tertiary and primary aromatic amines. Colthup’s table # shows that the tertiary 
amines have medium bands in the region 1180—1250 cm.“!, and secondary amines at 1230— 
1280 cm.-1. It has been observed also in this laboratory that the spectra of tertiary 
amines do not show any reduction in the number of bands in this region compared with 
the secondary amines, as would be expected if the 8NH vibration absorbed here. Thus 
dimethylaniline, diethylaniline, and triphenylamine have bands at 1226, 1260, and 1275 
cm.-!, respectively, resembling the corresponding secondary amines. Primary amines 
also have strong bands * between 1250 and 1350 cm... This points to the conclusion 
that the C,,-N stretching vibration absorbs in the region near 1300 cm.-!._ It has been 
already mentioned that none of the tertiary amines investigated shows the second band 
near 1510 cm.“!, which also fits the present assignments. 

Not much can be said about the Cyipnatic- N bond stretching. In the spectra of deuterated 
N-methylaniline, N-methyl-f-toluidine, and -chloro-N-methylaniline, a new band of 
medium intensity appears near 950 cm.-!. This seems to be formed in place of a 
similarly intense band near 1060 cm.“! in the spectra of the corresponding undeuterated 
amines. This couple of bands resembles that described by Edsall }° in the Raman spectra 
of dimethylamine and deuterated dimethylamine, respectively, and attributed to the CN 
stretching vibration. This might be the case also with the three amines mentioned above, 
but the fact that these amines contain only the N-CH, group suggests the possibility that 
the shifted band may be due to a vibration (probably rocking) of the methyl group, inter- 
acting with the ND bending mode. 

A second deformation of the NH bond angle, in which the hydrogen atom vibrates 
perpendicularly to the plane defined by the CNC atoms, might be expected to absorb 

® Barcelé and Bellanato, Spectrochim. Acta, 1956, 8, 27. 

‘© Hadzi and Skrbljak, unpublished work. 
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below 800 cm.-4. However, no band suitable for assignment to this vibration could be 
detected in the spectra investigated. 


Experimental.—Most of the compounds used in this investigation were given to us by the 
Imperial Chemical Industries Limited, Dyestuffs Division, and were used without further 
purification. N-Methylaniline and diphenylamine were of commercial origin and were distilled 
and recrystallised, respectively. Exchange with deuterium was performed by shaking the 
liquids with heavy water for 12 hr., but diphenylamine was deuterated in dioxan solution. 
The spectra were recorded with a Perkin Elmer Model 21 spectrometer, the liquids spread 
between two rock-salt plates and the solid mulled with mineral oil and hexachlorobutadiene. 


The authors thank the Imperial Chemical Industries Limited, Dyestuffs Division, for the 
generous gift of the substances. One of them (M.§.) is on leave from the Institute of Tech- 
nology, Belgrade. 
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159. Infrared Absorption Bands Associated with the NH Group. Part 
II.* Some Secondary Thioamides and N-Methyltoluene-p-sulphonamide. 
By D. HapiZ1. 

Infrared spectra of thiobenzanilide, thiofuranilide, and N-methyl(thio- 
furamide) have characteristic bands near 1520—1535 and 1335—1375 cm."}, 
which are replaced on deuteration by two new ones near 1100 and 1380— 
1410 cm.-!. These bands are analogous to the amide bands II and III, and 
II’ and III’, respectively, due to combined NH deformation and CN stretching 
vibrations. The C=S stretching band is near 1000 cm.“}, and the NH out-of- 
plane bending band near 710cm.-!. With N-methyltoluene-p-sulphonamide, 
the S—N stretching band has been located at 839 cm.-1, the NH bending at 
1410 cm.“!, and the CN stretching at 1060 cm.-1. _In the deuterated com- 
pound the ND bending and the CN stretching vibrations couple strongly, 
yielding two bands at 918 and 1218 cm.-?. 


ALTHOUGH much work has been done on the spectra of secondary amides, the interpret- 
ation of the bands near 1550 (amide II) and 1250 cm. (amide III) seems to be still 
controversial. 2 Calculations of the vibrational frequencies have given results which 
differ considerably from the experimental. It was believed that investigations of com- 
pounds related to amides might be interesting, and therefore the spectra of secondary 
thioamides and of a secondary sulphonamide were studied. 

N-Substituted Thioamides.—Previous work on this type of compound concerns only 
the high-frequency region.* After the present investigation a paper by Mecke é¢ al. 
appeared ° dealing with the spectra of thiolactams. The present work includes the spectra 
of thiofuranilide, thiobenzanilide, and thiofuramide as well as of their deuterated analogues. 
N-Methyl(thiofuranilide) and benzanilide were added for reference, but will not be dealt 
with in detail. 

The high-frequency region of the spectra of the solid thioamides is characterised by a 
broad band of medium intensity between 3140 and 3190 cm.1. For solutions in carbon 
tetrachloride, this band is replaced by a narrow one near 3390 cm.-!._ It is certainly due to 
the NH stretching vibration, the different wave numbers for the solid and the solution 


* Part I, preceding paper. 
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indicating hydrogen bonding in the solid state. The vNH band of the solids shows a 
slight splitting, more pronounced with the deuterated compounds. With thiofur(H]amide, 
for instance, peaks occur at 2447 and 2419 cm.-}. 

In the region between 1600 and 700 cm.-!, the prominent features of the spectra 
investigated may be summarized as follows: (i) A strong band between 1523 and 
1536 cm.-!, absent from the spectra of deuterated thioamides, and also from that of N- 
methyl(thiofuranilide) ; the band at 1523 cm.-! of N-methyl(thiofuramide) has a shoulder, 
which remains after deuteration as an isolated band. (ii) A strong or a very strong band 
between 1330 and 1375 cm.-!, removed on deuteration. (iii) A band of similar intensity to 
the last, which appears, after deuteration, between 1380 and 1410 cm.-!; new bands of 
medium intensity appear also near 1100 cm.-!, accompanied by a shift of one or more 
strong bands in the region 800—1000 cm.! to smaller wave numbers. (iv) A band of 


Fic. 2. Infrared spectra of deuterated 
Fic. 1. Infrared spectra of thioanilides. thioantlides. 
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medium intensity between 1220 and 1280 cm.?, which shifts slightly to higher wave 
numbers after deuteration. (v) A broad band of medium intensity near 715 cm}, 
sensitive to deuteration. 

In interpretation of the spectra of the thioamides, difficulties are similar to those with 
amides. Regarding the number of bands which shift considerably after deuteration, it is 
clear that the vibrations of the hydrogen atom interact strongly with other vibrations of 
the thioamide group, and probably also with those of the rest of the molecule. Hence, if 
a band is attributed to a specific motion of some group of atoms, this should be under- 
stood to imply only a major contribution from that motion. 

The characteristics (i)—(iii) of the thioamide spectra, i.¢., removal of the bands near 
1530 and 1360 cm.-! on deuteration, and appearance of new bands near 1400 and 1100 cm.-!, 
are very similar to characteristic features of the simple secondary amides, and there is no 
doubt that these bands belong to the vibrations of the C-NH and C-ND group, respectively. 
Some bands of the thioamide spectra might be easier to interpret with the deuterated 
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compounds, if it were assumed that there is less interaction between the ND bending and 
the CN stretching vibrations, as in simple amides. 2 Thus, the strong band which appears 
on deuteration between 1380 and 1410 cm.-! may be ascribed to the CN stretching 
vibration : it has somewhat smaller wave numbers than are observed with the analogous 
vibration in secondary amides, but very similar to those for aromatic amines.* Since the 
vCN band is among the strongest in the spectra of secondary thioamides, it seems necessary 
to correlate it with the similarly strong band (ii) of the undeuterated thioamides. The 
wave-number ratio of both bands being near 0-98, as with aromatic amines,® it seems 
legitimate to consider both bands as due essentially to the CN stretching vibration. Mecke 
et al.® assigned a strong band near 1300 cm.-! in the spectra of thiolactams and thioureas to 
the analogous vibration, the band being only slightly sensitive to deuteration. 

After these assignments there appears to be only one possibility for the band (i) near 
1530 cm.-}, viz., an essentially NH bending character. The wave number of this band 
closely resembles that of the amide II band. As an example, benzanilide and thiobenz- 
anilide have bands at 1527 and 1533 cm.!. The similar position of the 3NH band in 
secondary aromatic amines ® should be stressed, also the coupling between 8NH and vCN 
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in both cases. If this analogy with the amides is extended, the ND bending band should 
be near 1100 cm.}. In fact, a new band at 1105 cm.-! appears on deuteration in the 
spectrum of thiofuranilide, and bands at 1148, 1138, and 1078 cm.“ in that of N-methyl- 
(thiofuranilide). No definitely new band is observed with deuterated thiobenzanilide, but 
the band at 1078 cm.-! seems to be considerably stronger than that at 1075 cm. in the 
spectrum of simple thiobenzanilide, indicating possibly the superposition of a new band. 
The shifts mentioned above under (iii) are probably caused by coupling of the vC=S, and 
possibly some skeletal vibration modes, with the nearby 83ND. Definite assignment of 
any of the strong bands in this region to the vC=S, and detailed explanation of the shifts on 
deuteration, appear to be very difficult. 

In secondary thioamides, two C-N bonds exist, and thus another CN stretching 
vibration should appear in their spectra, being possibly in-phase with respect to the vCN 
vibration discussed above. It is probably associated with the bands mentioned under (iv). 
In simple and deuterated thiobenzanilides, they are at 1220 and 1250 cm.-1, respectively, 
in the thiofuranilidies at 1264 and 1274 cm.-!, and in the N-methylfuramides at 1280 and 
1292 cm.-1. The position of these bands is similar to that for secondary amides,” and the 
shift on deuteration is also consistent with the assignment, showing some coupling, 
probably with the ND bending vibration. 

There is little doubt about the assignment of the band (v), its broadness and position 

* Hadii and Skrbljak, preceding paper. 
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(similar to that in simple amides 2) suggesting that it is due to the NH out-of-plane deform- 
ation. It does not appear clearly with thiobenzanilide, coinciding perhaps with some of 
the strong CH out-of-plane deformation bands. 

It is necessary to comment briefly on a band which seems to appear with deuteration 
at 1497 cm! with thiofuranilide and thiofuramide, and at 1468 cm.! with thiobenz- 
anilide. It is very sharp and therefore probably not directly connected with the hydrogen- 
bonded thioamide group, but rather with a skeletal mode, interacting with the NH bending 
vibration or the vCN mode in the deuterated compounds. 

The changes of positions of the bands involved in hydrogen bonding on going from the 
solid state to dilute solution (0-05m) were expected to confirm the above assignments. 
Unfortunately, the compounds examined do not behave consistently. With N-methyl- 
(thiofuramide), the band at 1523 cm.-! has the same position in the solid and in solution, 
within the experimental error, whereas the vCN is at 1335 cm.! in the solid and at 
1350 cm.-! in solution, being relatively much stronger in the latter. This shift is to be 
expected for a stretching vibration on association. With thiobenzanilide, the 3NH, strong 
at 1533 cm.-} in the solid, seems to form a weaker band just under the 1500 cm.-! aromatic 
band. The shift to lower wave numbers on breaking of the hydrogen bonds-is in agree- 
ment with the assignment to a bending mode. However, the vCN band also shows a 
slight shift in the same direction (to 1350 cm.-!). With thiofuranilide, the analogous band 
has the same position in both states, but in solution a new band at 1500 cm.-! is observed, 
formed apparently from the band at 1470 cm.-! in the solid, whereas the 3NH shows a very 
slight shift of a few wave numbers towards lower ones. 

N-Methyltoluene-p-sulphonamide.—At first sight, sulphonamides seem to bear little 
relation to the amides, except for the presence of the NH group. However, some spectral 
analogies are apparent on considering the spectrum of N-methyltoluene-p-sulphonamide 
together with its deuteration product. Amongst the prominent bands, those at 1317 and 
1170 cm.-! may be immediately identified with the symmetric and asymmetric stretching 
of the O=S=O group,’ the band at 1092 cm.-} being recently shown to belong also to this 
group.’ It is interesting that the v,,SO, band shifts slightly to higher wave numbers on 
deuteration. The band at 1600 cm.-! may certainly be attributed to a ring vibration, that 
at 823 cm.-! to yCH (fara-substitution), and the complex absorption at 1455 cm.-! to the 
aromatic ring and the methyl-CH deformation. The bands at 1410, 1062, and 839 cm.-! 
are displaced on deuteration, bands at 1281, 918, and 791 cm.-! appearing instead. These 
bands must be attributed in turn to the NH and ND bending, and to the CN and SN 
stretching vibrations. The latter has been assigned by Baxter, Cymerman-Craig, and 
Willis ?° to a band near 1090 cm.-!, but this band is found regularly with all sulphonic 
compounds.’ The vSN band is to be expected at lower wave numbers, vS-O being found 
also at lower wave numbers than the corresponding vC-O bands: thus Maschka and 
Aust ! find vS-N lines at 800—900 cm.“! in the Raman spectra of various sulphonamides. 
We have found bands at 904, 918, and 909 cm.-! in the spectra of benzenesulphonamide and 
toluene-o- and -f-sulphonamide, respectively, which are not present with, for instance, 
the halides. It is to be expected that the corresponding band in a methylsulphonamide 
will have a smaller wave number, the light atom being replaced by a methyl group. Hence 
the assignment of the band at 839 cm.“! in the spectrum of methyltoluenesulphonamide to 
the SN stretching seems justified. The shift to 791 cm.-! on deuteration is in agreement 
with this. The band at 1060 cm.-!, not present with other sulphonyl derivatives, may be 
associated with the CN stretching vibration, in agreement with the generally assumed 
position of vC-N bands in simple amines.!2_ The only remaining assignment for the band 

7 Mecke, Mecke, and Liittringhaus, Z. Naturforsch., 1955, 10b, 367. 

® Bellamy, ‘‘ The Infra-red Spectra of Complex Molecules,” Methuen & Co., London, 1954, p. 295. 

* Detoni and Hadii, Spectrochim. Acta, in the press. 

1° Baxter, Cymerman-Craig, and Willis, J., 1955, 669. 


11 Maschka and Aust, Monatsh., 1954, 84, 89. 
#2 Ref. 8, p. 220. 
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at 1410 cm.! is that of the NH bending. On deuteration, the corresponding vibration 
frequency is expected to be reduced in a ratio near 4/2 : 1, which would bring it nearly to 
coincidence with the C-N vibration. These accidentally degenerate vibrations give rise to 
two new bands at 918 and 1218 cm.-}, respectively. 

Discussion.—The spectra of secondary amides and thioamides show close analogies, 
except for the differences caused by the replacement of the carbonyl by the C=S group. 
The present interpretation of the secondary thioamide spectra strongly favours assignment 
of the band near 1530 cm.~! to the vibration which has predominantly the character of the 
NH bending; nevertheless arguments could be certainly adduced in favour of the altern- 
ative assignment to the (mainly) CN stretching vibration whilst the band near 1360 cm.-! 
would then be connected with the NH bending vibration, as in the case of secondary 
amides.!* More experimental material will be presented in forthcoming papers, with a 
discussion on a broader basis. 

The separation of the 8NH and the vCN bands in the spectrum of methyltoluene- 
sulphonamide is so large that little interaction between the respective vibrations need be 
assumed. However, strong coupling results when hydrogen is replaced by deuterium. 
This has a counterpart among the simple secondary amides, where the vCN and the NH 
are accidentally degenerate, the degeneracy being removed by deuteration.» 8 


Experimental.—The substances used in this investigation were presented by Professor V. 
Hahn (thioamides) and by Imperial Chemical Industries Limited, Dyestuffs Division (N-methyl- 
toluenesulphonamide) (both of whom we thank), and were used without further purification. 
Deuteration was performed by recrystallisation of the substance from heavy water or by its 
dissolution in dioxan and addition of heavy water until precititation occurred, with subsequent 
drying in a stream of dry air. The spectra were recorded with a Perkin-Elmer spectrometer, 
equipped with a rock-salt prism. The solid substances were made into mulls with mineral oil 
or hexachlorobutadiene. The solutions were about 0-05M in CC], in 0-1 mm. cells. 
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13 Op. cit., p. 186. 


160. The Oxidation of Monoethenoid Fatty Acids and Esters. 
Catalytic Oxidation of Ketol Derivatives of Oleic Acid. 


By T. L. PArktnson and J. H. SKELLON. 


The catalytic oxidation of the isomeric 9(10)-hydroxy-10(9)-oxostearic 
acids has been studied. Ultraviolet absorption spectra show that conjugated 
dienone groupings are formed as the carbonyl and hydroxyl contents decrease. 

The primary oxidation product is 9 : 10-dioxostearic acid. After 20 hours’ 
oxidation at 120° the product contained mainly highly oxygenated polymeric 
acids and small fractions of neutral ketonic oils. There was little evidence 
of scission. 


AUTOXIDATION of monoethenoid acids and esters gives hydroperoxides, which decompose 
to products containing carbonyl groups. Skellon } showed that the oily product resulting 
from catalytic autoxidation of methyl oleate at 120° contained 21% of the isomeric 9(10)- 
hydroxy-10(9)-oxostearates. The corresponding isomeric acids were identified by King 
among the products of autoxidation of elaidic and oleic acids at 47° and 78°. Similar ketol 
derivatives are formed on catalytic autoxidation of n-propyl] oleate,’ erucic acid, n-propyl 

1 Skellon, J., 1948, 343. 

? King, J., 1954, 2114; 1956, 587. 

? Feuell and Skellon, /., 1954, 3414. 
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erucate, and esters of petroselinic acid. It is therefore important to study the behaviour 
of these ketols when oxidised by gaseous oxygen. 

On oxidation at 100° or 120° by gaseous oxygen (catalyst, 0-059 of uranium as oleate) 
the ketols changed into a brown viscous oil and after 20 hr. at 100° or 8 hr. at 120° the 
product gave an increased acid value and molecular weight, and a small iodine value, and 
contained little peroxidic oxygen. Absorption in the ultraviolet region increased; the 
shape of the spectra and the positions of maxima were characteristic of the conjugated 
dienone chromophore,* R-CH:CH-CH:CH-COR’, which was subsequently further oxidised. 

Autoxidation at 100° followed a parallel course. 

9 : 10-Dioxostearic and nonanoic acid were primary oxidation products. 

The product formed in 20 hr. at 120° contained a dark brown, petrol-insoluble, highly 
oxygenated polymeric acid, smaller fractions of petrol-soluble oil (mainly dimeric acids), 
and neutral ketonic oils. 

Table 2 records the yields from autoxidation of 9(10)-hydroxy-10(9)-oxostearic acids. 
The polymeric acids produced had lower carbonyl contents than the ketonic com- 
pounds from which they were derived; the presence of carbon-oxygen and carbon- 
bonded linkages in the products was demonstrated experimentally by depolymerisation 
with hydriodic acid. 

The oily complexes obtained in high-temperature catalytic autoxidation of monoethenoid 
acids may result from the following sequence: unsaturated acid —» hydroperoxide —» 
dihydroxy-acid —» ketol acid — diketo-acid — dimeric oils —» trimeric resins. 


EXPERIMENTAL 


Preparation of 9(10)-Hydroxy-10(9)-oxostearic Acids.—Pure oleic acid was prepared from 
high-grade olive oil by a lead and lithium salting method 5 and converted into mixed hydroxy- 
oxostearic acids, m. p. 64-5—65°, by oxidation with neutral potassium permanganate ® (Found : 
equiv., 312; CO, 9-0; OH, 5-3%. Calc. for C,,H;,0,: equiv., 314; CO, 8-9; OH, 5-4%). 
The semicarbazones of the isomers were separated by fractional crystallisation from ethylene 
dichloride and decomposed to the individual acids by boiling formaldehyde and hydrochloric 
acid. Recrystallisation from aqueous alcohol yielded pure 9-hydroxy-10-oxostearic acid, m. p. 
74° (Found: equiv., 31; CO, 8-8; OH, 5-4. Calc. for C,,H,,0,: equiv., 314; CO, 8-9; OH, 
5-4%), and 10-hydroxy-9-oxostearic acid, m. p. 75-5° (Found: equiv., 314; CO, 9-1; OH, 
5-2%). 

Catalytic Oxidations—Gaseous oxygen was bubbled through the molten material in an 
apparatus essentially similar to that used by Skellon and Thruston ” in the presence of 0-05% of 
uranium (as oleate). Ultraviolet absorption spectra of ethanolic solutions showed the develop- 
ment of conjugated dienone structures, with maxima in the region 260—280 mu (see Table 1). 


TABLE 1. Catalytic oxidation of 10-hydroxy-9-oxostearic acid at 120°. 


pL en 2 5 8 10 12 14 16 18 20 
RT. asnsgtecunivnine — wee 187 198 215 224 248 258 281 281 
PED Shetsuciescrenscéuksanet 9-7 8-8 7-9 76 6-6 4-6 4-2 3-7 3-5 
od :) errr errr 5-5 3-4 2-4 1-4 1-5 1-6 0-7 
© I  ctcstinvicinnisenmbtcnecans - 75 - - - 6-7 
a dy eee 0-004 - . 0-011 
FAP ED ctaverivenscazesavins 294 -- - - 580 
E (1%; 1 cm.) at 270 mp . 12-4 21-6 — 26-6 ~- 23-0 - 19-8 


After oxidation of 9-hydroxy-10-oxostearic acid (cf. Table 1) for 20 hr., analytical values 
were: acid val., 289; CO, 33%; OH, 0-3%; active O, 0-012%; E(1%; 1 cm.) at 
270 mu, 30-0. 

Catalytic oxidation of the mixed isomeric 9 : 10-ketois also followed a similar course at both 
120° and 100°, being slower at the lower temperature. 


* Evans and Gillam, J., 1943, 565; 1945, 432. 
> Skellon, J. Soc. Chem. Ind., 1931, 59, 1317. 
®* King, /J., 1936, 1788. 

* Skellon and Thruston, J., 1949, 1626. 
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Examination of the Oxidation Product.—The results of typical fractionation of the oxidation 
products obtained from 30 g. of 9-hydroxy-10-oxostearic acid after at (a) 8 hr. and (b) 20 hr. 
are given in Table 2. 

The products (3-8 g., a; 8-5 g., b) in ether were extracted with 20% sodium carbonate 
solution, and the alkaline extracts washed with ether, carefully acidified with 5N-sulphuric acid, 
and steam-distilled. Distillates were extracted with ether, yielding nonanoic acid [(a) 0-15 g.; 
equiv., 161; m. p. of Zn salt, 133°. (5) 0-47 g.; equiv., 158; m. p. of Zn salt, 133° (Found : 
Zn, 17-6%). Calc. forC,H,,0,: equiv., 158. Calc. for C,,H;,0,Zn: Zn, 17-2%]. 

Residues from the steam-distillation were extracted with ether, evaporated, digested with 
chloroform, and cooled at 2° (16 hr.). 9: 10-Dihydroxystearic acid was not precipitated; the 
chloroform was evaporated and the residues digested under reflux with boiling light petroleum. 
Some of the material was insoluble in the hot solvent and separated as a dark brown 
resin [(a) 0-4 g.; equiv., 329; M (Rast), 585; CO, 5-9; C, 67-9; H, 9-3%]. 

The petroleum-insoluble material was completely soluble in ethanol and acetone at all 
temperatures down to —60°, but was separated by n-hexane into a completely insoluble 
resin, a fraction soluble at room temperature but insoluble at —60°, and a fraction soluble at 
— 60°, as follows : 


Insol. at room temp. Sol. at room temp., insol. at —60° Sol. at —60° 


Weight (g.) ............se000 5-24 0-25 0-38 
TING. cnckcnddievecniecssendis 240 205 266 
BE CORD. « easidcicscsaccssons 518 349 394 
ot & neerrerer enna 30° 3-2 2-9 


* Also, OH, 0%; C, 644%; H, 91%. 


After removal of the insoluble resin, the light petroleum solutions were cooled at 2° for 
several hours. Resulting pale yellow precipitates were filtered off and the filtrates evaporated, 
yielding yellow oils [(a) 1-04 g.; equiv., 290; M (Rast), 660; CO, 5-9; C, 67-5; H, 10-2%. 
(b) 1-02 g.; equiv., 251; M (Rast), 281; CO, 2-9; OH, 0-3; C, 67-5; H, 10-3%]. 

The precipitates obtained by cooling the light petroleum solutions to 2° were dried in vacuo, 
dissolved in hot absolute ethanol, and allowed to cool. 9: 10-Dioxostearic acid separated at 
room temperature and was filtered off and dried in vacuo (0-47 g.; m. p. 84-5°) (Found: equiv., 
308; CO, 18-1. Calc. for C,,H;,0,: equiv., 312; CO, 17-9%). Identity was confirmed by 
preparing the 2 : 4-dinitrophenylhydrazone, m. p. 146—148°, which gave an intense violet colour 
with ethanolic potassium hydroxide. 

The filtrates were treated with sufficient distilled water to lower the ethanol concentration 
to 60% and left for several hours at room temperature. A precipitate formed in experi- 
ment (a) and was filtered off and dried (0-19 g.), m. p. 84° (Found: equiv., 324; CO, 9-6%). 
The resulting filtrates were diluted with water and extracted with ether, yielding straw-coloured 
solid or semisolid materials [(a) 0-98 g.; equiv., 191; M (Rast), 304; CO, 4:6; OH, 1-3; C, 
63-6; H,9-2%. (b) 0-17 g.; equiv., 106; M (Rast), 281; OH, 1-3%]. 

Similar fractions were obtained from the other oxidation products. The yields for the 
various fractions are given in Table 2. 


TABLE 2. Catalytic oxidation of 9(10)-hydroxy-10(9)-oxostearic acid. 


9:10-Dioxo- Nonanoic Acidic yellow Acidic brown 
Time Acid taken stearic acid acid petrol-sol. oil petrol-insol. 
Temp. (hr.) (g.) (%) (%) (%) resin (%) 
10-Hydroxy-10-oxostearic acid. 
120 8 30 10 4 21 10 
120 20 30 Nil 8 13 63 
9-Hydroxy-10-oxostearic acid. 
120° 8 30 12 + 27 10 
120 20 30 Nil 5 12 62 


Depolymerisation of Typical Fractions with Hydriodic Acid.—Polymeric fractions were 
examined for the presence of oxygen linkages. 0-5—1-0 g. was refluxed with 5 g. of hydriodic 
acid for 3 hr. Ether was added and the solution washed with sodium thiosulphate and water. 
The ethereal solution was evaporated and the residue refluxed with aqueous-alcoholic 0-5N- 
potassium hydroxide, acidified, and tested for the presence of iodide by addition of silver 

FF 
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nitrate solution. All the samples gave positive results, confirming the presence of oxygen- 
linkages of ether or peroxide type. The resulting resin was extracted with ether and analysed. 
Typical results were : for the petrol-insoluble brown acidic resin separated from the oxidation 
product of 10-hydroxy-9-oxostearic acid (20 hr., 120°), M (Rast), before depolymerisation 530, 
after polymerisation 313; equiv., before depolymerisation 196, after polymerisation 184. 

A proportion of each fraction consisted of dimers not depolymerised by hydriodic acid, 
indicating presence of carbon-carbon bonds. 

Ultraviolet Absorption Spectra of Complex Fractions.—Fractions isolated after 8 hours’ 
oxidation at 120° showed maxima at 260—280 my. No maxima were observed in fractions 
after 20 hours’ oxidation at 120°. In nocase was a maximum observed beyond 320 mu, showing 
that conjugated unsaturated structures longer than triene were absent. 


CHEMISTRY DEPARTMENT, ACTON TECHNICAL COLLEGE. [Received, May 10th, 1956.) 


161. Synthesis of mesoT'etramethylchlorin. 
By ULL EISNER. 


The Mannich base (V1) has been prepared from pyrrole in three stages. 
From it mesotetramethyl-chlorin (I) and -porphin (Il) have been synthesised. 


THE synthesis of chlorin, the parent compound of the chlorophylls, and its octamethyl 
derivative, with full substitution of the $-positions of the pyrrole nuclei, has been recently 
described.;2, It was of interest to determine whether the same method could be applied 
to the preparation of a meso-substituted chlorin. 

It was decided to prepare the unknown meso-tetramethylchlorin (I). The corre- 
sponding porphin (II) has been prepared * in low yield by the reaction of pyrrole and 
acetaldehyde in methanol at 100°, but analytical data have not been recorded for it nor 


has it been characterised. 
‘fp 4. CMe y 
V4 VW 
7« “\ =< any 
@ Ss 


Synthesis of the appropriate Mannich base (III) was accordingly attempted. Reaction 
of pyrrole, acetaldehyde, and dimethylamine seeded much polymeric material from which 
the desired base (III) could be isolated in variable yields not exceeding 5%. An indirect 
route was therefore attempted. 2-Acetylpyrrole * (IV) was reduced with potassium boro- 
hydride in aqueous medium (cf. Silverstein ef al.5), affording the known 2-1’-hydroxy- 
ethylpyrrole ® (V) in 87% yield. Reaction of the alcohol (V) with 1 mol. of piperidine in 
the presence of sodium ethoxide in boiling ethanol (cf. Silverstein e¢ a/.*) afforded the desired 
Mannich base (VI) in 40% yield. With an excess (15%) of piperidine the yield was 
raised to 63%. 


. 


MeC 
(I) 


Eisner and Linstead, J., 1955, 3742 

Eisner, Linstead, Parks, and Stephen, J., 1956, 1655. 

Rothemund, /. Amer. Chem. Soc., 1935, 57, 2010. 

Oddo, Ber., 1910, 43, 1012. 

Silverstein, Ryskiewicz, and Chaikin, J. Amer. Chem. Soc., 1954, 76, 4485 
Herz and Courtney, ibid., 576 

? Silverstein, Ryskiewicz, Willard, and Koehler, /. Org. Chem., 1955, 20, 668. 
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On treatment with 1 mol. of ethylmagnesium bromide in boiling xylene or bromo- 
benzene (cf. refs. 1, 2) the base (VI) afforded a mixture of mesotetramethyl-chlorin (I) 
and -porphin (II). Isolation and purification of the pigments proved unexpectedly 


( ) CHMe-+NMe, J cOMe —> l J CHMe-OH — > l J CHMe+NC. Hj, 


- 
(IIT) (IV) (V) (VI) 


difficult because of their relative insolubility, their instability, and the superficial similarity 
of their light absorption properties. The last fact precluded an accurate spectroscopic 


Fic. 1. Fic. 2. 


0 «= 




















w) 
? 
.°) 
~ 
500 600 500 600 
Wavelength (my) 
Fic. 1. Absorption of (i) mesotetramethylchlorin in benzene ( ) and in 2N-HCl (— . —) and 
(ii) of mesotetramethylporphin in chlorobenzene (-—-—-—) and 2N-HCl(. . . .). 
Fic. 2. Absorption of copper mesotetramethylchlorin in benzene (——-) and copper mesotetramethyl- 
porphin in chlorobenzene (-- —-). 


estimation of the yields. Purification by counter-current distribution could be applied 
only on a small scale, and adsorption chromatography was unsuccessful on all adsorbents 
tried. Preliminary purification was, however, effected by extraction with various solvents. 
Partition chromatography on cellulose finally achieved complete separation. 

The mesotetramethylchlorin obtained by this procedure was essentially pure although 
elementary analyses tended to give low values for carbon in spite of rigorous drying. Its 
copper derivative, prepared by the usual method, was not isolated owing to lack of material. 
Its light absorption and that of the metal-free chlorin (I) are given in the Table and 
Figures. The spectrum of the chlorin (I) is noteworthy in having a Soret band which is 
split into two peaks and in having a long-wavelength band of relatively low intensity. 
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The light absorption of mesotetramethylporphin (II) and of its copper derivative are 
given in the Table and in the Figures. The spectrum of the porphin (II) is subject to a 
considerable solvent effect which particularly atfects the long-wavelength band; moreover, 
its spectral ‘‘ type ”’ does not conform to any of the classifications proposed by Stern.® 

Although the chlorin (I) and the porphin (II) resemble each other to a marked extent, 
their separate identities are confirmed by the following evidence: (1) their chromato- 
graphic separation; (2) their solubilities; (3) their light-absorption properties in neutral 
and in acid solution; and (4) the existence of two distinct copper derivatives. 

As additional proof of the structure of the chlorin (I), its dehydrogenation was investi- 
gated. The metal-free pigment (I) gave inconclusive results, chiefly owing to the difficulty 
of interpreting spectroscopic data. The action of 2 : 3-dichloro-5 : 6-dicyano-1 : 4-benzo- 
quinone at room temperature appeared to produce some dehydrogenation although partial 
destruction of pigment took place at the same time. The copper derivative of (I) was 
next investigated. Excess of high-potential quinones, ¢.g., the preceding quinone or 
tetrachloro-1 : 2-benzoquinone, decomposed the pigment. The action of 1 : 4-benzo- 
quinone or of chloranil for 24 hr. at 80° caused slight decomposition (l10—20%) but no 
dehydrogenation. However, when 1 mol. of the dicyano-quinone was used; dehydro- 
genation was instantaneous and the presence of the copper porphin could be shown 
spectroscopically. The reaction was not quantitative, owing partly to precipitation, even 
in very dilute solution, of solid material, possibly a quinone complex, and partly to the 
partial decomposition of pigment which becomes more important when excess of quinone 
is employed (see Experimental section). 


Light-absorption data [Amax. (Mp), above ¢}. 


CB) Bk Clg cctsriccessveseniss 372-5 411 t¢ 437 t 532-5 557 602-5 656 
31,000 113,000 78,300 11,400 10,300 5300 20,400 
iF} > eer 421 t 442 t¢ 545 587 635 
120,000 70,600 3600 5800 19,000 
eg. 9 re 370—375 * 420 ¢ 489 §22 557 605-5 657-5 
21,400 282,000 3500 12,300 8950 3700 6800 
(EE) Ge Gala © ssecercccensses 487 520-5 556-5 607 665 
(II) in pyridine—-Et,O }... 413 + 485 517 551 602 662 
292,000 4350 12,200 7800 2800 4450 
(II) in 2N-HCl ............ 417-5 ft 544 582 630 
291,600 2600 6900 18,000 
Cu deriv. of (I) in C,H, 419+ 519 587 618 
149,400 4000 8600 20,100 
Cu deriv. of (II) in PhCl 420 + 549 587-5 
370,000 4200 12,600 


* Inflection. ¢ Soret band. { Knorr and Albers, J. Chem. Phys., 1936, 4, 422. 


EXPERIMENTAL 

2-1’-Dimethylaminoethylpyrrole (111) —A mixture of pyrrole (13-4 c.c.) and 33% ethanolic 
dimethylamine (21 g.) was added dropwise to acetaldehyde (11-2 c.c.) with stirring, at <10°. 
After being kept overnight at 0° the solution was acidified and extracted with ether, and the 
aqueous layer basified with sodium hydroxide solution and again extracted with ether. The 
ethereal extracts were dried and the solvent was removed under reduced pressure. Distillation 
of the residue afforded a forerun, b. p. 60—80°/18 mm. (0-5 g.), followed by 2-1’-dimethyl- 
aminoethylpyrrole (0-9 g.), b. p. 80—95°/18 mm., n# 1.5039 (Found : C, 69-8; H, 10-5; N, 19-6. 
C,H,,N, requires C, 69-5; H, 10-2; N, 20-3%). Its picrate crystallised from methanol in 
yellow plates, m. p. 160° (decomp.) (softens at 130°) (Found: C, 45-9; H, 4:85; N, 19-25. 
C,H,,N,,C,H,O,N, requires C, 45-8; H, 4-7; N, 19-1%). 

2-1’-Hydroxyethylpyrrole (V).—2-Acetylpyrrole (10 g.), suspended in water (50 c.c.), was 
treated with potassium borohydride (10 g., ~100% excess) in water (50 c.c.) with stirring. 
The suspension was stirred at room temperature for 0-5 hr., then at 50—60° for 0-75 hr., the 


§ Stern and Wenderlein, Z. phys. Chem., 1936, 176, A, 98. 
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solid dissolving. Potassium carbonate was added to saturation, and the solution was extracted 
with ether. The ethereal extracts were dried (K,CO,) and the solvent was removed. The 
alcohol (V) distilled at 68°/0-8 mm., and had n# 1-5240 (lit., b. p. 83-5°/2 mm., n?° 1-5242). 

2-1’-Piperidinoethylpyrrole (V1).—The above alcohol (3-67 g., 1 mol.) and piperidine (3-3 
c.c., 1 mol.) were added to a solution from sodium (0-76 g., 1 mol.) in ethanol (20 c.c.). The 
solution was boiled for 1 hr., the solvent removed under reduced pressure, and the residue 
dissolved in water and acidified. The solution was extracted with ether, basified, and re- 
extracted. The latter extracts were dried, the solvent was removed under reduced pressure, 
and the residue distilled. 2-1’-Piperidinoethylpyrrole had b. p. 68°/0-3—0-4 mm.; m. p. 
28—30° (Found: C, 74-1; H, 10-1; N, 15-4. C,,H,,N, requires C, 74-1; H, 10-2; N, 15-7%). 
Its picrate, m. p. 110—112°, could not be crystallised without decomposition and was not 
obtained pure. 

Increasing the reaction period to 4 hr. did not improve the yield, but with a 15% excess of 
piperidine a yield of 63% was obtained. 

mesoTetramethyl-chlorin and -porphin.—In a typical experiment the base (VI) (3-66 g.) in 
xylene (60 c.c.) was treated with ethereal ethylmagnesium bromide (7 c.c.; 3-142N). The 
solution was boiled under reflux in oxygen-free nitrogen with stirring for 17 hr. The cooled 
solution was filtered, the residue was washed with benzene, and the combined filtrate and 
washings were shaken with 2N-hydrochloric acid. The solution was basified with aqueous 
ammonia and extracted with benzene. Trouble was experienced owing to emulsions at this and 
subsequent stages, and the solution had to be filtered repeatedly. 

Purification. (a) Countercurrent distribution. The above solution was concentrated to 
40 c.c. under reduced pressure and placed in a Craig apparatus. With benzene-1% hydro- 
chloric acid the porphin remained in the acid, and the chlorin in the benzene. After 15 transfers 
the contents of the last six tubes containing the crude chlorin were mixed, basified, and extracted 
with benzene. The combined extracts were concentrated to 40 c.c. and the process was repeated 
with benzene—3-2% hydrochloric acid. After 10 transfers the chlorin which had remained in 
the acid phase of the first four tubes was extracted into benzene after basification. The pigment 
was subsequently chromatographed on cellulose (see below) but less than 2 mg. of material 
were obtained. 

(6) Solvent extraction. The insoluble residues from several experiments were extracted 
(thimble) with acetone in a stream of nitrogen. The extracts, containing the magnesium 
complexes, were treated with enough concentrated hydrochloric acid to effect complete con- 
version into the green hydrochloride and basified with ammonia solution. The precipitated 
metal-free pigments were extracted continuously with methanol which removed some impurities. 
Finally the pigments were extracted into boiling chloroform; the solution was then evaporated 
to dryness and used for the next stage. 

(c) Partition chromatography. The crude pigments (above) were dissolved in a solvent 
mixture obtained by taking the upper phase of an equilibrated mixture of light petroleum (b. p. 
100—120°)—butan-l-ol-1% hydrochloric acid (1: 2:3), and chromatographed on a column 
(30 x 3-3.cm.) of cellulose (Whatman; standard grade), with the same solvent system as eluant. 
Separation into a faster-moving grass-green band of chlorin and a blue-green band of the porphin 
took place. These were eluted separately and treated with ammonia solution to precipitate 
the pigments which were filtered off. 

mesoTetramethylchlorin. The pigment obtained from the partition chromatogram 
crystallised from benzene as small purplish-blue needles, forming red solutions in organic 
solvents and green solutions in mineral acids (Found: C, 77-3, 77-2, 76-85; H, 7-0, 6-9, 6-9. 
C,,H,,N, requires C, 78-2; H, 6-6%). It is moderately soluble in all organic solvents except 
alcohol and acetone. 

Copper mesotetramethylchlorin. A solution of the chlorin (I) (0-34 mg.) in benzene (10 c.c.) 
was heated to boiling in a current of nitrogen and treated with a slight excess of cupric acetate 
in methanol (2 c.c.). It was cooled, diluted with benzene, washed with aqueous ammonia and 
water, and concentrated to 25 c.c. under reduced pressure. Its light absorption was determined 
immediately (see Table). The pigment forms a greenish-blue solution which, however, does 
not appear to be very stable as seen by the decrease in optical density. 

mesoTetramethylporphin. The pigment obtained by chromatography (see above) was 
extracted from a thimble into boiling benzene from which it crystallised in deep blue needles 
(Found: C, 78-5; H, 6-3. C.,H..N, requires C, 78-65; H, 6-05%). The pigment, which is 
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sparingly soluble in most organic solvents, could be crystallised from pyridine or chloroform. 
It forms purplish-red solutions in organic solvents and bluish-green solutions in mineral acids. 

Copper. mesotetramethylporphin. The crude metal-free porphin (II) was placed in a thimble 
and extracted into boiling acetic acid containing excess of cupric acetate. The precipitated 
deep blue copper derivative was crystallised by continuous extraction into, successively, pyridine, 
chioroform, and benzene in which it formed red solutions (Found: C, 67-4; H, 4-9; Cu, 14-3. 
CyyHgoN,Cu requires C, 67-4; H, 4:7; Cu, 14-85%). 

Dehydrogenation of Copper mesoTetramethylchlorin.—(a) A benzene solution of the copper 
derivative (~3 x 10-5 molar) was treated respectively with 1 and 2 mols. of benzoquinone in 
benzene; the solutions were sealed into glass ampoules and heated for 24 hr. at 80°. Spectro- 
scopic determination showed a recovery of 90-7 and 89-4% of starting material, with no trace 
of the copper porphin derivative. In a similar experiment with chloranil the respective 
recoveries of starting material were 84-1 and 76%. 

(b) 2-5 c.c. of a solution of the copper pigment (30-47 mg./l.) were mixed in a stoppered quartz 
cell with 0-25 c.c. (1 mol.) of a solution of dichlorodicyanoquinone (175 mg./1.) and the intensities 
of the absorption at 618 and 549 mu were determined. From the observed values the concen- 
trations of the two pigments were calculated. 


PLD: tecsdtaincasaresseasioncsanen 0-2 3 6 28 
Unchanged chlorin (%)_.........++. 21-3 17-0 12-9 10-5 
Porphin formed (%) ......-cecccceseee 59-7 54-4 47-0 37:1 


Similarly, 2 c.c. of the above solution were sealed with respectively 0-2 and 0-3 c.c. (land 1-5 
mols.) of quinone solution into ampoules. After 28 hr. at room temperature the following 
results were obtained : 


Mols. of quinone Unchanged chlorin (%) Porphin formed (%) 
1 7-7 38°5 
1-5 7.4 20-3 


The author is indebted to Dr. R. P. Linstead, C.B.E., F.R.S., for his continued encourage- 
ment and interest. The work has been made possible by financial support from the Rockefeller 
Foundation to whom thanks are offered. 
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162. Configurational Studies in Synthetic Analgesics : the 
Synthesis of (—)-Methadone from p-(—)-Alanine. 
By A. H. Beckett and N. J. HARPER. 


(—)-Methadone nitrile has been synthesised from p-(—)-alanine by a 
series of reactions not involving the asymmetric centre. This evidence, 
with previous work,! proves that the Wolff rearrangement involving (—)- 
1-diazo-3-phthalimidobutan-2-one proceeds with complete retention of 
configuration. 


In synthetic analgesics possessing one asymmetric carbon atom, nearly all the analgesic 
activity exhibited by the racemic mixture resides in one of the isomers. Beckett and 
Casy proved that a number of analgesically active isomers including (—)-methadone 
((—)-6-dimethylamino-4 : 4-diphenylheptan-3-one] possess identical configurations related 
to p-(—)-alanine. The key reaction in the stereochemical correlations was the conversion 
of alanine into $-aminobutyric acid by an Arndt-Eistert reaction, by a modification of 
the method of Balenovic, Cerar, and Fuks.2 Lane and his co-workers? found that the 
Wolff rearrangement involving migration of an asymmetric group proceeded with retention 


1 Beckett and Casy, J., 1955, 900. 

* Balenovié, Cerar, and Fuks, J., 1952, 3316. 

* Lane, Willenz, Weissberger, and Wallis, J. Org. Chem., 1940, 5, 276; Lane and Wallis, ibid., 
1941, 6, 443; Lane and Wallis, J]. Amer. Chem. Soc., 1941, 68, 1674. 
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of configuration in compounds of the type CRR’R’*CO-CHN,, while those containing an 
enolisable hydrogen atom were completely racemised. Sax and Bergmann * found some 
racemisation in the rearrangement of a diazo-ketone of the type CHRR’-CO-CHN,. 
Wiberg and Hutton, however, report that the rearrangement of benzylmethyldiazoacetone 
proceeded with retention of configuration, while the rearrangement of sec.-butyl diazo- 
methyl ketone gave the expected products with 97 + 3% retention of configuration. 
Beckett and Casy ! demonstrated the optical purity of the intermediates in their series of 
reactions by the numerical identity of the rotations of some of their products and the 
isomers obtained by the resolution of the corresponding racemic mixtures. Consequently 
by implication, the Wolff rearrangement in this series proceeded without racemisation and, 
although complete inversion in the reaction seems highly improbable, its absence hitherto 
has not been established unequivocally. 

(—)-Methadone nitrile was related to p-(—)-alanine by reactions outlined in the annexed 
scheme, preliminary work being carried out with racemic material. The participation of 
the intermediate ethyleneimonium ion with consequent formation of two isomeric products 
in the usual methadone synthesis, precluded its application in the present investigation.® 


Me-CH(NH-CHO)-CO,H ——» Me-CH(NHMe):CH,-OH —— Me-CH(NMe-CHO):CH,-OH —> 


(I) (II) (IIT) 
Me-CH(NMe-CHO)-CH,CIl —— Me-CH(NMe*CHO):CH,°CPh,-CN —— Me-CH(NMe,)CH,°CPh,"CN 
(IV) (V) (VI) 


Alanine was converted into N-formylalanine (I) by the method of Biilman, 
K. A. Jensen, and H. B. Jensen.? Karrer, Portmann, and Suter * have shown that amino- 
acids may be reduced with lithium aluminium hydride without loss of optical activity. 
N-Forniylalanine was reduced to the alcohol (II) by extracting the former with tetra- 
hydrofuran into a suspension of lithium aluminium hydride in tetrahydrofuran; Vogl and 
Pohn’s procedure ® for the reduction of amino-acids gave only poor yields of the desired 
amino-alcohol. The alcohol (II) and formamide at 150—160° gave 2-(N-methylform- 
amido)propan-l-ol (III), converted by thionyl chloride in pyridine into the chloride (IV) 
which with diphenylacetonitrile in the presence of sodamide and sodium iodide gave the 
cyanide (V); this was reduced by s-trioxan in hot 98—100% formic acid to the 
nitrile (VI). The last stages of this synthesis are analogous to those used by Sletzinger, 
Chamberlin, and Tishler 2° for the preparation of isomethadone nitrile. 

Methadone nitrile prepared by this route from D-(—)-alanine hydrochloride was levo- 
rotatory and had an optical purity of approximately 72°. (—)-Methadone nitrile has 
therefore the same configuration as D-(—)-alanine; this evidence and work reported 
previously } prove that the Wolff rearrangement of (—)-1-diazo-3-phthalimidobutan-2- 
one proceeds with complete retention of configuration when Beckett and Casy’s method ! 
is adopted. 


EXPERIMENTAL 


Microanalyses were by G. S. Crouch, School of Pharmacy, University of London. Equiv. 
wts. of bases and picrates were determined by titration with 0-02N-perchloric acid in glacial 
acetic acid with crystal-violet as indicator.!! 

D-(-++)-N-Formylalanine.—(—)-Benzoyl-v-alanine 1° was hydrolysed with hydrochloric acid 


* Sax and Bergmann, J. Amer. Chem. Soc., 1955, 77, 1910. 

5 Wiberg and Hutton, ibid., 1956, 78, 1640. 

® Schultz, Robb, and Sprague, ibid., 1947, 69, 188; Walton, Ofner, and Thorpe, J., 1949, 648; 
Ofner, /., 1951, 1800. 

? Biilman, K. A. Jensen, and H. B. Jensen, Bull. Soc. chim. France, 1934, 1, 1667. 

8 Karrer, Portmann, and Suter, Helv. Chim. Acta, 1948, 31, 1617. 

*® Vogl and Pohn, Monatsh., 1952, 83, 541. 

10 Sletzinger, Chamberlin, and Tishler, 7. Amer. Chem. Soc., 1952, 74, 5619. 

11 Beckett and Tinley, “ Titration in Non-Aqueous Solvents,”’ B.D.H. Ltd., Poole, England. 

12 Pope and Gibson, J., 1912, 101, 939. 
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to p-(—)-alanine hydrochloride, [x]?! —9-5° + 0-2° (¢c 13-3 in H,O) {Bowman and Stroud ™ give 
(aj —9-13° (c 13-1 in H,O)}. This (39 g.) in water was neutralised with ammonia, and the 
mixture evaporated to dryness. The product was dried, powdered, and formylated by the 
method of Biilman et al.?_ After cooling, the inorganic material was filtered off, and the filtrate 
evaporated under reduced pressure to give an impure solid (33 g.)._ A small portion crystallised 
from water had [«]?** + 46-4° (c 0-55 in H,O). 

2-Methylaminopropan-1-ol (I1).—N-Formylalanine ? (37 g.; m. p. 147—148°), in a Soxhlet 
thimble, was extracted with tetrahydrofuran into a suspension of lithium aluminium hydride 
(37 g.) in tetrahydrofuran (600 c.c.) by refluxing the solvent at 100—110° for 120 hr. After 
cooling, the excess of hydride was decomposed with damp ether, and the ether solution separated. 
The inorganic residue was extracted with 1 : 1 ether—tetrahydrofuran (3 x 500 c.c.) and then by 
refluxing with ethanol (3 x 500 c.c.; 30 min.). After being dried (Na,SO,), the combined 
ethanolic extracts were evaporated under reduced pressure, the residue was dissolved in the 
minimum quantity of ethanol, and an equal volume of dry ether was added. After 24 hr. at 0°, 
the inorganic deposit was filtered off, and the filtrate added to the ether extracts. Removal of 
the solvent gave a liquid which on distillation gave 2-methylaminopropan-1-ol (19-5 g.), b. p. 
85—86°/28 mm., n? 1-4418 (Found: equiv., 90-0. C,H,,ON requires equiv., 89-1). It gave 
a picrate as needles (from ethanol), m. p. 104—105° (Found: C, 37-3; H, 4:5; N, 17-:3%; 
equiv., 317. C,9H,gO,N, requires C, 37-7; H, 4-4; N, 17-6%; equiv., 318). 

The (—)-isomer (6 g.), prepared in the same way from crude p-(+-)-N-formylalanine (30 g.), 
had b. p. 83—86°/29 mm., [a]?? —29-26° (c 1-28 in EtOH) (Found: equiv., 92). The picrate 
(from ethanol) had m. p. 105—105-5° (Found : C, 37-8; H, 4-3; N, 17-6%). 

2-(N-Methylformamido)propan-1-ol (III).—The foregoing alcohol (8-7 g.) and forinamide 
(4-5 g.) were heated with stirring at 150—160° for 6 hr., then distilled under reduced pressure, to 
give 2-(N-methylformamido)propan-l-ol (10-6 g.), b. p. 114—116°/0-2 mm. Its hydrogen 
3-nitrophthalate crystallised from 30% aqueous ethanol in needles, m. p. 158—160° (Found: C, 
50-4; H, 4-3; N, 9-0%; equiv., 309. C,,H,,0O,N, requires C, 50-3; H, 4:5; N, 9-0%; equiv., 
310). 

The (—)-alcohol, prepared in the same way, had b. p. 113—115°/0-2 mm., and solidified to 
plates, m. p. 48-5—49-5°, [a]?* —29-09° + 0-3° (c 1-3 in EtOH) (Found: C, 49-9; H, 9-5; N, 
11-4. C,H,,0,N requires C, 51-2; H, 9-5; N, 11-9%). 

2-(N-Methylformamido)propyl Chloride (1V).—Thionyl chloride (31 g.) in dry chloroform 
(15 c.c.) was added during 1 hr. to 2-(methylformamido)propan-1-ol (22 g.) in chloroform (88 c.c.) 
and pyridine (19-5 g.); the mixture was heated with stirring at 75° for 15 hr., cooled, and 
washed with saturated sodium chloride solution (3 x 10 c.c.), and the combined aqueous 
washings were extracted with chloroform (3 x 15 c.c.). The original chloroform solution 
and the extracts were combined, washed with saturated sodium hydrogen carbonate solution 
(14 c.c.) and water (10 c.c.), dried (Na,SO,), filtered, evaporated, and distilled, to yield a 
product (18-7 g.), b. p. 85—86°/1 mm., n? 1-4849, which was acidic to Universal Indicator 
(Found: sap. val., 136; Cl after saponification, 25-6. C;H,j,ONCI requires sap. val., 135-5; 
Cl-, 26-1%). This product, even when kept in a refrigerator quickly became yellowish-green 
and a small amount of solid separated. Repeated preparation and fractional distillation 
failed to give material of satisfactory elementary analysis, although consistently good results 
were obtained for the sap. val. and the Cl- of freshly distilled material. 

The (—)-isomer prepared similarly had b. p. 84—85°/1-4 mm., [«]??° —17-3° + 0-2° (c 1-5 
in CHCl,) (Found : sap. val., 136). 

Condensation of 2-(N-Methylformamido)propyl Chloride with Diphenylacetonitrile—Dry 
nitrogen was passed over a stirred solution of diphenylacetonitrile (21 g.) in dry xylene (44 c.c.), 
and aslurry of sodamide (4-4 g.) in dry xylene (38 c.c.) added. The mixture was heated at 105— 
110° for 2hr. On cooling to 30°, sodium iodide (0-3 g.) was added, followed during 15 min. by 
a solution of freshly distilled 2-(methylformamido)propyl chloride (7-4 g.) in xylene (15 c.c.). 
The temperature was increased to 110° during 20 min., and kept thereat for 4 hr. On cooling, 
the mixture was washed with water, dried (Na,SO,), filtered, and evaporated under reduced 
pressure to a brown oil (23 g.). A solution of this in dry ether (100 c.c.) was allowed to 
evaporate slowly, giving successive crops of crude diphenylacetonitrile. Evaporation of 
the combined mother-liquors gave a reddish-brown oil (16 g.) which was chromatographed in 
light petroleum (b. p. 80—100°) (150 c.c.)—benzene (75 c.c.) on alumina (Peter Spence, Type 

13 Bowman and Stroud, J., 1950, 1342. 
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“OO”; 105 x 2-5 cm.) (42 x 100-c.c. fractions; flow rate 3 c.c. permin.). The concentration 
of benzene in the solvent was gradually increased and finally 1 : 19 ethanol—benzene was used. 
From the first 36 fractions diphenylacetonitrile (9-8 g.) was obtained. Fractions 37—41 
(6-3 g.) consisted of a reddish-brown oil of which 5-4 g. was stored in ether at 0° for 8 days; 
there separated crystals of diphenylacetamide (0-09 g.), m. p. 169—170° (from toluene) 
(Found : C, 79-4; H,6-3; N,6-7. Calc. forC,,H,,ON : C, 79-6; H, 6-1; N, 6-6%) (Hellerman, 
Cohn, and Hoen * give m. p. 167-5—168-5°). Further proof of identity was obtained from the 
infrared spectrum. 

The ethereal mother-liquor, on evaporation, gave 3-(N-methylformamido)-1 : 1-diphenylbutyl 
cyanide as an oil (Found: C, 78-5; H, 6-8; N, 9-0. C,,H,,ON, requires C, 78-1; H, 6-9; N, 
9-6%). 

The (—)-isomer prepared in the same way was an oil, [a]? —9-1° (c 1-0 in CHCI,), [«}#? 
—10-5° (c 1-0in C,H,). The optical rotation determined on various chromatographic fractions 
of the oil showed some variation, indicating that the product was not completely pure. 

3-Dimethylamino-1:1-diphenylbutyl Cyanide.—3-(Methylformamido)-1 : 1-diphenylbutyl 
cyanide (1 g.), 988—-100% formic acid (2 c.c.), and s-trioxan (0-8 g.) were refluxed at 120—125° 
for 168 hr. After cooling, the mixture was poured into water (6 c.c.), and the solution acidified 
with dilute hydrochloric acid. Extraction with ether gave a non-basic oil (0-27 g.) (not 
investigated). The aqueous solution was made alkaline with ammonia and extracted with 
ether, and the ethereal extracts were dried (Na,SO,), filtered, and evaporated to a solid (0-5 g.) 
which, crystallised from ethanol, gave 3-dimethylamino-1 : 1-diphenylbutyl cyanide (VI), m. p. 
and mixed m. p. 90—91°. The picrate crystallised from ethanol in cubes, and on recrystallis- 
ation from acetone-ethanol had m. p. 148-5—149, undepressed on admixture with authentic 
picrate of m. p. 149—150° (Found: C, 59-1; H, 5-1; N, 13-2. Calc. for C,;H,,;0,N,: C, 59-2; 
H, 5-0; N, 13-8%) (Schultz, Robb, and Sprague !5 give m. p. 145—146°). The infrared spectra 
of the new and the authentic sample were identical. 

The (—)-3-dimethylamino-1 : 1-diphenylbutyl cyanide [derived from p-(—)-alanine hydro- 
chloride] prepared in the same way had m. p. 99-5—100°, [a]?3 —35-3° (c 0-82 in EtOH), anda 
mixed m. p. of 100° with optically pure (—)-3-dimethylamino-1 : 1-diphenylbutyl cyanide, m. p. 
100°, [x] —49° (c 1-3in EtOH). The infrared spectrum was identical with that of an authentic 
sample of methadone nitrile. 


SCHOOL OF PHARMACY, CHELSEA POLYTECHNIC, 
MANRESA Roap, Lonpon, S.W.3. [Received, October 4th, 1956.) 


14 Hellerman, Cohn, and Hoen, J. Amer. Chem. Soc., 1928, 50, 1725. 
15 Schultz, Robb, and Sprague, ibid., 1947, 69, 2456. 


163. Infrared Spectra and Polar Effects. Part V. 
Carbonyl—Carbonyl Interactions. 


By L. J. Bettamy and R. L. WILLIAMs. 


Compounds containing the group *CO*O-C-CO* are known to exhibit a 
curious interaction effect whereby both carbonyl groups show an increase in 
their infrared absorption frequencies. Evidence obtained from the study of 
17-acetoxy-16-oxo-steroids suggests that steric factors play an important 
part in this effect. 


In Part IV + we pointed out that group frequency shifts in the infrared region show a 
number of anomalies which cannot be readily explained in terms of inductive or mesomeric 
effects. One such instance—the stereospecificity of the interaction between carbonyl 
groups and «-halogen substituents—has already been discussed, but another and in some 
ways related anomaly occurs in compounds containing the group -CO-O-C-CO». This 
structure occurs in 2l-acetoxy-20-oxo-steroids, and many compounds of this type have 


1 Part IV, Bellamy, Thomas, and Williams, J., 1956, 3704. 
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been studied by Jones and his co-workers.?* In all cases they have observed an inter- 
action effect between the two carbonyl frequencies resulting in rises of ca. 20 cm.-! and of 
ca. 10 cm.“! in the keto- and ester absorptions as compared with the normal values for the 
individual groups in these positions. Within the steroid series a very high degree of 
consistency is shown by the frequency of any particular type of carbonyl group in a 
particular position, so that these shifts are highly significant. Comparable cases involving 
slightly larger shifts have been noted in 12-acetoxy-1l-oxo-steroids ® in which the same 
structure occurs, and the effect persists when the acetoxy-group is in either the equatorial 
or the polar position. A related interaction has also been observed outside the steroid series, 
in benzil-o-carboxylic acid pseudoacetate ® which contains a similar structure. 

This effect is difficult to reconcile with any changes in inductive or mesomeric effect, 
but it is equally difficult to envisage any coupling effects along the chain which would 
account for it. Thus, there is little or no interaction between the carbonyl frequencies of 
ordinary «-, $-, or y-diketones, and the unenolised forms of acetylacetone and of ethyl 
acetoacetate also have essentially normal frequencies. However, interactions occur in 
certain cyclic «-diketones in which the C=O groups are forced to adopt a cis-configuration 
with respect to each other.” It therefore occurred to us that some steric factors might be 
operating, similar to this and to those found in «-halogeno-ketones. We have therefore 
examined the spectra of some 17-acetoxy-16-oxo-steroids in which the inclusion of the 
keto-group within a five-membered ring might be expected to lead to a markedly different 
steric arrangement of the interacting groups. 


DISCUSSION 


Jones and his co-workers?“ have already demonstrated that the keto-carbonyl 
absorptions of five-membered ring systems occur near 1750 cm.-', and the value of 
1751 cm.-! found for the 16 : 17-dione is in agreement with this, and implies that no major 
frequency shift is introduced by the change of solvent from chloroform in our case to 
carbon disulphide in theirs. All the 17-acetoxy-compounds studied show this absorption 
in the range 1754—1757 cm.-!, which suggests that no marked interaction is taking 
place. This is confirmed by a study of the corresponding ester frequencies, which fall in 
the range 1736—1742 cm.“! and are also essentially normal. Comparison of the individual 
pairs of 17-hydroxy- and 17-acetoxy-compounds studied does show a fall of 6—15 cm." in 
the frequency of the 16-oxo-group in the hydroxyl compounds, but the lowered OH 
frequencies indicate clearly that this is due to intramolecular hydrogen-bonding rather 
than to any interaction between the two carbonyl vibrations. It therefore appears 
that the carbonyl-carbonyl interactions which occur in 2l]-acetoxy-20-oxo- and in 
12-acetoxy-1l-oxo-steroids do not occur in the corresponding 17-acetoxy-16-oxo-com- 
pounds. This is reported at this stage as it may have some diagnostic value. However, 
this observation is perhaps more important for its implication that the elevated carbonyl 
frequencies of 2l-acetoxy-20-oxo-steroids and similar materials do not arise from 
mechanical coupling effects but are due to some other interaction which is itself dependent 
upon the steric arrangements of the two groups. The origin of these frequency shifts, 
and of the similar effect in «-halogenoketones, is not clear but they may very well arise 
from intramolecular dipolar effects, in which one strong dipole exerts a direct field effect 
upon another which is close to it in space. Such interactions would then be very similar 
to the well-known frequency shifts which accompany changes of state, with the exception 
that with less freedom for the dipoles to orient themselves in the most favourable directions, 
the resulting frequency shifts could be either positive or negative in character. Jones and 

2 Jones, Humphries, and Dobriner, J. Amer. Chem. Soc., 1950, 72, 956. 

% Jones, Humphries, Herling, and Dobriner, ibifd., 1952, 74, 2820. 

# Jones and Herling, /. Org. Chem., 1954, 19, 1252. 

5 Dickson and Page, J., 1955, 447. 

® Grove and Willis, /., 1951, 877. 

* Alder, Schaefer, Esser, and Krieger, Annalen, 1955, 593, 23. 
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Sandorfy * have recently put forward a very similar tentative explanation of effects of 
this kind and it is one that might explain a number of other anomalous frequencies such as, 
e.g., the unexpectedly high carbonyl frequencies of ethyl $$-diethoxyacrylate ® and of 
1 : 1-diacetoxypropane. It is hoped to develop this suggestion later. 


EXPERIMENTAL 


The spectra were measured of very dilute solutions in chloroform, in a Perkin-Elmer 21 
double-beam spectrometer fitted with a rock-salt prism. A compensating solvent cell of the 
same thickness was used in the reference beam. 

Results—The compounds examined, and the results obtained insofar as the carbonyl and 
hydroxyl] frequencies are concerned, are listed in the Table. 


CO and OH absorptions (cm.~) 


Compound 6-CO Other CO bands OH 
38 : 17B-Dihydroxyandrost-5-en-16-one —.........ceeeeeeeeeeeeeeees 1751 3679, 3509 
38 : 17B-Diacetoxyandrost-5-en-16-one ..............ceccesecceeeeers 1757 1739 — 
17B-Hydroxyandrost-4-ene-3 : 16-diome —..... 2... ee eee cece cence eee 1748 1661 3497 
17B-Acetoxyandrost-4-ene-3 : 16 dione ...........cecceeeeeeeeeeeeees 1757 1742, 1661 
178-Hydroxy-38-methoxyandrost-5-en-16-one ...........sceeeeeees 1742 3497 
178-Acetoxy-38-methoxyandrost-5-en-16-one .............eeeeeeee 1754 1739 — 
178-Hydroxyandrost-5-ene-3 : 16-dione 3-ethylene ketal ...... 1742 - 3500 
178-Acetoxyandrost-5-ene-3 : 16-dione 3-ethylene ketal ...... 1757 1736 
38-Methoxyandrost-5-ene-16 : 17-dione ............ceeeeeeeeeeeeeeees 1751 — 


This work was carried out during the tenure by one of us (R. L. W.) of a Senior Research 
Fellowship of the Ministry of Supply. Thanks are due to Dr. V. Petrow, of B.D.H. Ltd., who 
supplied the compounds studied. 


E.R.D.E., MINISTRY OF SUPPLY, WALTHAM ABBEY, ESSEX. [Received, July 24th, 1956.) 


8 Jones and Sandorfy ‘‘ Chemical Applications of Spectroscopy,’’ Interscience, New York, 1956. 
® Rasmussen and Brattain, J]. Amer. Chem. Soc., 1949, 71, 1073. 


164. Infrared Spectra and Polar Effects. Part VI.* Internal 
and External Spectral Relationships. 


By L. J. BeELLAMy and R. L. WILLIAMs. 


The asymmetric and symmetric stretching frequencies of the group 
R1R?SO, are shown to be directly related to each other over a wide range of 
different molecules. Relationships also exist between carbonyl frequencies 
and the frequencies of some other double-bonded groups carrying the same 
substituents. The applications and limitations of these correlations are 
discussed. 


Many data are available showing that the frequency shifts of mass-insensitive vibrations 
are in general directly controlled by the inductive and mesomeric effects of the 
substituents.-% However, in certain cases, additional effects which may well be dipolar 
in character also appear to play an important part.*.> As induction and mesomerism are 
essentially short-range effects, the number of bonds affected is small and this leads to the 
idea that in suitable cases the frequency shift shown by one group which has 
gained electrons will be paralleled by a proportionate shift in the frequency of some other 
bond from which they have been contributed. There should therefore be some degree of 

* Part V, preceding paper. 

1 Bellamy, J., 1955, 2818. 

2 Idem, J., 1955, 4221. 

3’ Bellamy and Williams, /., 1956, 2753. 

* Idem, ibid., p. 3704. 

5 Preceding paper. 
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interlocking between the precise positions of some bands, which could be useful in structural 
diagnosis. On the other hand, any such relationship might well fail where dipolar effects 
occur that involve intramolecular forces in addition to the normal effects along the bonds. 
The study of possible relationships of this type therefore offers a possible means of exploring 
the operation of dipolar effects. 

We have already suggested tentatively that a relationship exists between the vC=O 
and 8CH frequencies of benzoyl compounds,” and have shown that the various methyl- 
group frequencies of many simple molecules are so closely interlocked that from a know- 
ledge of any one fundamental it is possible to predict the others.* Another very clear 
illustration of this principle is the linear relationship which Jones and Sandorfy ® have 
shown to exist between the C=O and C-O stretching frequencies of steroid acetates 
CH,°CO-OR. In these molecules the carbonyl frequency shifts will be determined almost 
wholly by the electron-donating or -accepting properties of the group R, and as the 
C-O bond is maintained in a constant environment which will effectively offset its mass 
dependence, its frequency will also be dependent upon R and the two therefore are directly 
related. In this paper other relationships of this kind are discussed, together with some 
‘* external relationships ”’ in which the shifts in one type of characteristic group frequency 
are compared directly with those shown by some other type when subjected to the same 
changes in environment. 

(a) Internal Relationships.—One case in which a simple frequency relationship might be 
expected to arise is between the asymmetric and symmetric stretching modes of com- 
pounds containing the group (A), as these would be expected to be affected to 

proportionate extents by changes in the substituents of X. However, Brown? 

—x has studied this possibility in the case of the nitro-group and has not found 

SO any overall relation of this type, although reasonably good correlations occur 

(4) within limited classes of related nitro-compounds. This could be due to coupling 

effects between the C-N stretching frequency and the symmetric NO, mode, but the fact 

that limited correlations occur within any one class of compound suggests that it is more 

likely to be connected with dipolar or steric effects, arising from the small size of the 
nitrogen atom and the consequent proximity of a-substituents to the oxygen atoms. 

We have therefore studied the corresponding relationship in compounds of the type 
R!R?SO,, in which any such effects should be eliminated by the large size of the sulphur 
atom. Data have recently become available on sulphone frequencies in various environ- 
ments and include studies on SO,F,, sulphones, thiolsulphonates, sulphonates, and 
sulphonic acids.*” All these data, together with those on some representative sulphon- 
amides,!! have been used in the construction of Fig. 1, in which the asymmetric and 
symmetric SO, frequencies are plotted directly against each other, and it will be seen that 
the expected relationship is found. In most cases solution data have been empioyed but 
vapour-phase data have been used in a few instances in which only these were available. 
This probably accounts for some of the scatter shown in Fig. 1, but the errors introduced in 
this way are small, as the SO, frequencies are not very sensitive to changes of phase and are 
probably both affected to proportionate extents. This correlation should find useful 
applications in structural diagnosis work. Each of the two >SO, stretching frequencies 
occurs over a fairly wide wavelength range so that, despite their high intensity, the 
identification of this group is often difficult in unknown compounds. It should, however, 
be possible to check a tentative identification of one of these frequencies by reference to 
the reasonably precise position of the other as indicated by Fig. 1. 


$ Jones and Sandorfy, ‘“‘ Chemical Applications of Spectroscopy,”’ Interscience, New York, 1956, 
p. 482 

7 Brown, J. Amer. Chem. Soc., 1955, 77, 6341. 

® Haszeldine and Kidd, /J., 1955, 2901. 


* Idem, J., 1954, 4228 
10 Barnard, Fabian, and Koch, J., 1949, 2442. 
11 Baxter, Cymerman-Craig, and Willis, ]., 1955, 669. 
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(b) External Relationships.—In any comparisons between the frequency shifts shown 
by one mass-insensitive vibration and those of another similarly substituted, it is essential 
to consider the molecular geometry of the two groups. For example, if only inductive 
effects are operating it is possible to compare directly the carbonyl frequencies of ketones 
R'R°CO with the S=O stretching frequencies of sulphones R!R?SO, carrying the same 
substituents. A good relationship can indeed be realised in this way, as any change in the 
inductive effects of R will affect the C-O and S=O frequencies to proportionate extents in 
the two cases. However, the tetrahedral structure of the >SO, group does not allow 
mesomeric effects to operate upon the S=O bonds to the same extent as in the planar 
carbonyl group, and for this reason they are virtually insensitive to conjugation effects.1° 
No overall relationships of this type can therefore be expected unless the groups under 
consideration have similar configurations, and for this reason we have confined the 
following discussion to planar structures. 





/Z3OOF it 
. 
“ 
+ 
./200} 
: | a 
o ogy 
x ZA Fic. 1. 
yw 
> WOOF Pd 
oss” 
Pll 
/000 





i i A 4. 
1100 /200 /300 /400 /SO0O 
V S0,(osym) 


(1) R*CO*CHg vs. R-NO Frequencies—The C=O andN =O groups are both planar. If 
therefore one of the carbonyl substituents is kept constant as a methyl group it should be 
possible to compare directly the frequencies of these two groups in similarly substituted 
compounds R-CO-CH, and R-NO. Changes in the group R should bring about pro- 
portionate changes in both frequencies which, in the absence of mass or dipolar effects, 
should therefore be interrelated. Halford }* has recently studied the influences of mass 
upon the carbonyl frequency from a theoretical point of view and concluded that the effect 
is extremely small for all masses between 12 and infinity. It is likely that similar consider- 
ations will apply in the case of the -N=O vibration. However, some differences in dipolar 
effects between the two series may arise in certain cases. This arises from the shorter 
C-N and N=O distances and the reduced R-N=O angles as compared with the carbonyl 
group. These factors will bring any «-substituents of R much closer to the oxygen atom 
in the nitroso-compounds than in the corresponding carbonyl series. This effect is clearly 
shown in the differing N=O stretching frequencies of cis- and trans-alkyl nitrites in which 
the proximity of the oxygen atom to the alkyl group leads to a lowering of the N=O 
frequency in the cis-form. For comparison with carbonyl frequencies therefore the data 
on ¢vans-forms, in which this effect is absent, have been employed in the Table and below. 

The ~N=O and C=O stretching frequencies of a series of similarly substituted molecules 
are listed in the Table, and in Fig. 2 these are plotted directly against each other. In 
comparing different compounds in this way it is less safe to assume that the frequency 
shifts accompanying changes of state will be the same in both cases, and separate plots have 


12 Halford, J. Chem. Phys., 1956, 24, 830. 
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Vapour phase Condensed phase or solution 

R vR-NO (cm.-")  vR*CO°CH, (cm.—?) R vR-NO (cm.-!) vR-CO°CH, (cm.!) 
> Gee 1799 (a, b 1822 (a, d CF - atvkeenscnmene 1813 (a) 1806 (a) 
BSE 1801 (a, b) 1827 (a) eer 1807 (a) 1814 (a) 
fe 1844 (c) 1872 (a) [  * 1453 (e) 1639 (R) 
(ipa 1696 (d) 1785 (h) 7 a 3 ee 1462 (e) 1652 (e) 
> | 1682 (e) 1774 (h) N(C,Hi), ...... 1460 (e 1647 (m) 
XS eee 1676 (e) 1765 (h) pas 1653 (e) 1745 (k) 
a 1675 (e) 1768 (h) | ae 1650 (e) 1740 (n) 
OC,H,,(iso) ... 1675 (¢ 1769 (h) OC,H,,;(#so) ... 1650 (e) 1743 (0) 
ek srencosiines 1520 (f 1707 (A) St en 1513 (f 1682 (p) 
I. * Sceisdeniiiie 1596 (g) 1780 (i) 

(a) This laboratory. (+) Burns and Bernstein, /. Chem. Phys., 1950, 18, 1669. (c) Woltz, Jones, 


and Nielsen, ibid., 1952, 20, 378. (d) Jones, Badger, and Moore, ibid., 1951, 19, 1599. (e) Haszeldine 
and Mattinson, J., 1955, 4172. (f) Ref. 14. (g) Ref. 15. (hk) Hartwell, Richards, and Thompson, 
]., 1948, 1436. (i) Whiffen, personal communication. (Rk) Barrow, J. Chem. Phys., 1953, 21, 2008. 
(1) Cannon, Mikrochim. Acta, 1955, 555. (m) Letaw and Groop, J. Chem. Phys., 1953, 21, 1621. 
(n) Thompson and Torkington, J., 1945, 640. (0) Hampton and Newall, Analyt. Chem., 1949, 21, 
914. (p) Ref. 4 
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been prepared for vapour-phase (@) and condensed-phase (O) data. It will be seen that 
for the data quoted the agreement is reasonably good and it is clear that some generalised 
relation of the type predicted does exist. This has one immediately useful application in 
that it permits the N=O stretching frequency of monomeric alkyl nitroso-compounds to be 
predicted directly from data on alkyl methyl ketones. The vapour-phase frequency of 
acetone (1742 cm.-'), for example, corresponds to a value of 1600 cm. for the N=O 
stretching frequency of nitrosomethane. The characteristic group frequencies of alkyl 
nitroso-compounds are difficult to determine owing to the ease with which they dimerise, 
and various values have been proposed in the literature. Recently Tarte '* 1 and Jander 
and Haszeldine 4° have suggested that this group frequency falls near 1600 cm.!, and our 
value therefore provides a measure of support for their assignment, in contrast to the 
alternative range of 1400—1300 cm.-! suggested by other workers.!® 

13 Tarte, Bull. Soc. chim. Belge, 1951, 60, 227, 240. 

14 Idem, ibid., 1954, 63, 525. 


‘8 Jander and Haszeldine, /., 1954, 919. 
16 Nakamoto and Rundle, J. Amer. Chem. Soc., 1956, 78, 1113. 
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However, the change in the N=O frequency on passing from cis- to trans-forms, and the 
failure of the compound CF,°NO to correspond in Fig. 2 to the frequency of CF,°CO-CH, 
are clear indications of the need for caution in applying these findings, which can be 
invalidated by dipolar effects. The case of CF,°NO is particularly interesting. In 
a-halogenated ketones it has been shown that the carbonyl frequency rises only when the 
halogen atom is collinear with the carbonyl group and close to it, as in (I).4 We envisage 
this effect as being the induction by the halogen atom of some positive charge in the 
carbonyl oxygen atom whereby the covalent character of the bond is increased. In the 


oO 


i : 
F N 
ve wall 
Cc ; c~ 
f™ 
F F (J) F (II) 


case of CF,*NO, however, the halogen-oxygen distance will be much reduced owing to the 
differences in angle and in the C-N and N=O bond lengths. In this case therefore strong 
van der Waals repulsive forces would be expected to arise which would lead to a configur- 
ation similar to that shown in (II). In the case of (II) the O-F distance is increased and 
coplanarity is lost so that the resultant effect upon the frequency would be small. The 
nitroso-frequency in this case would correspond to that of acetone rather than with the 
fluorinated material. The corresponding carbonyl frequency derived from Fig. 2 is 
1739 cm.-}, in excellent agreement with this hypothesis. 

One other possible instance of an anomaly in this relationship is found in compounds of 
the type R-CO-N(NO)-R which give carbonyl frequencies corresponding to esters rather 
than to amides,!? but this could equally well be associated with the known ability of such 
materials to tautomerise to the form R°CO-O-N,°R. 

One other point of interest in the Table is the rise in the N=O stretching frequencies of 
nitrosyl chloride and nitrosyl bromide on passing from the vapour phase to carbon tetra- 
chloride solution, suggesting an increase in the ionic character of the molecules as the 
frequencies tend towards that of the NO* ion. This effect has been confirmed in a variety 
of solvents and is an interesting inversion of the usual effects of change of phase which is 
being further investigated. : 

(2) Other External Relationships.—A number of other possible relationships of the 
above type have been explored. We have compared the carbonyl frequencies of com- 
pounds R!R?C=0 with the 8CH, deformation frequencies of similarly substituted ethylenes 
R!R2C=CH,. Similarly the asymmetric NO, stretching frequency of nitro-compounds has 
been compared with the frequencies of R-NO and of R*CO*CH, compounds. In each case 
the same general pattern emerges, of what appears to be a general relationship which, 
however, breaks down in a few specific instances in which dipolar effects could reasonably 
be expected to influence one frequency more than another. These cases will not therefore 
be considered in detail. 

Conclusions.—It is clear that the concept that inductive and mesomeric effects alone 
determine the scale of frequency shifts of mass-insensitive vibrations requires modification 
to allow for the abnormalities revealed by the intercomparison of group frequencies. 
Nevertheless, the large measure of agreement found confirms that they are the major basic 
factors although there are additional effects in some instances. From the nature of the 
compounds concerned we believe these effects to be dipolar in character. 

In compounds such as the sulphones in which any dipolar effects will be small, 
useful correlations can be obtained from the inter-comparison of group frequencies. This 
approach is also useful in the assignment of group frequencies such as that of the -C-N=O 


17 White, J. Amer. Chem. Soc., 1955, 77, 6008. 
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compounds, and provided due caution is exercised it may occasionally prove useful in the 
prediction of some specific frequency of an unknown compound from the known frequency 
of some related group which has the same substituents. 


This work was carried out during the tenure by one of us (R. L. W.) of a Senior Research 
Fellowship of the Ministry of Supply. 


EXPLOSIVES RESEARCH AND DEVELOPMENT ESTABLISHMENT, 
MINISTRY OF SUPPLY, WALTHAM ABBEY, ESSEX. [Received, July 24th, 1956.) 


165. Nucleotides. Part XL.* O*: 5'-cycloUridine and a Synthesis 
of isoCytidine. 

By D. M. Brown, Sir ALEXANDER R. Topp, and S. VARADARAJAN. 
5’-Deoxy-5’-iodo-2’ : 3’-O-isopropylideneuridine (I) when treated with 

silver acetate in methanol gives 2’: 3’-O-isopropylidene-O? : 5’-cyclouridine 

(II). Hydrolysis of the latter by acid or alkali yields isopropylideneuridine, 

and base-catalysed methanolysis leads to 2’ : 3’-O-isopropylidene-O?-methy!- 

uridine which is converted by methanolic ammonia into 2’ : 3’-isopropylidene- 

isocytidine (IV). Acid-hydrolysis of (IV) yields isocytidine. Analogous 

transformations are described with 2’ : 3’-di-O-acetyluridine derivatives. 


DuRING synthetic studies in the nucleotide field an attempt was made to prepare 5’-O- 
acetyluridine by the action of silver acetate on 5’-deoxy-5’-iodouridine in methanol. A 
product was formed which was evidently not the required acetyl derivative but which was 
too insoluble to permit complete purification. In order to avoid solubility difficulties we 
carried out similar experiments with 5’-deoxy-5’-iodo-2’ : 3’-O-isopropylideneuridine (I) 
and the 2’ : 3’-di-O-acetyl analogue. The iodo-compound (I) when treated with silver 
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acetate in methanol rapidly formed a product giving analytical values corresponding to an 

anhydrotsopropylideneuridine and an ultraviolet absorption spectrum with Amax, 237 my 

(uridine has ax, 260 my). The product was evidently analogous to that obtained by 
* Part XXXIX, J., 1956, 4873. 
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Michelson and Todd! when they treated 5’-deoxy-5’-iodothymidine with silver acetate 
in methyl cyanide containing traces of aliphatic amines and formulated as 0? : 5’-cyclo- 
thymidime. Although we find that the reaction with the compound (I) does not proceed 
in methyl cyanide either with or without the addition of base, nevertheless the reactions of 
the anhydro-compound justify its formulation as 2’ : 3'-O-‘sopropylidene-O? : 5’-cyclo- 
uridine (II). 

It is significant that, while 5’-O-acetyl-2’-O-toluene-f-sulphonyluridine is rapidly 
converted into O* : 2’-cyclouridine (V) by methanolic ammonia,? neither 5’-O-toluene-p- 
sulphonyluridine nor 5’-deoxy-5’-iodouridine is affected by this reagent or by a variety of 
other bases. For this reason the reaction of the 5’-iodo-derivatives promoted by silver 
ion is probably to be considered as one involving a carbonium-ion intermediate as distinct 
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Fic. 1. Ultraviolet spectra of (A) 2’ : 3’-O-isopropylidene-O? : 5’-cyclouridine in 95% EtOH, (B) O?- 
methyl-2’ : 3’-O-isopropylideneuridine in 95% EtOH, and (C) O* : 2’-cyclouridine in H,O. 
Fic. 2. Ultraviolet spectra of 2’ : 3’-O-isopropylideneisocytidine, (A) in H,O, (B) in 0-1N-HCl, and (C) 
in 0-IN-NaOH. 





from that leading to 0? : 2’-cyclouridine (V) where a stereochemically controlled attack by 
the pyrimidine ring-carbonyl group with expulsion of toluene-f-sulphonate ion must occur.? 

2’ : 3’-O-isoPropylidene-O? : 5’-cyclouridine (II) is very readily hydrolysed. It is 
quickly converted into isopropylideneuridine by 0-3N-sodium hydroxide or by 25% aqueous 
acetic acid at room temperature and is therefore much less stable than 0? : 2’-cyclouridine 
which requires for hydrolysis 0-1N-sulphuric acid at 100°.2 Acid hydrolysis in these cases 
probably involves attack at the cationoid centre, C,., and apparently differs from the 
acid hydrolysis of 0? : 5’-cyclothymidine where an initial cleavage of the glycosidic linkage 
occurs. 

The cyclonucleoside (II) reacts readily with methanolic ammonia, yielding a compound 
which, from its composition, appears to have been formed by the addition of elements of 
methanol. The reaction is base-catalysed since the same substance is produced when 
methanolic triethylamine is used. Ethanolic triethylamine yields a homologous product 
with closely similar properties. Two possible structures for the methanol addition product 


1 Michelson and Todd, J., 1955, 816. 
2 Brown, Todd, and Varadarajan, J., 1956, 2388. 
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from (II) were visualised, viz., O?-methyl-2’ : 3’-O-csopropylideneuridine (III) and another 
derived by addition of methanol to the 4: 5-double bond in (II). Additions of the latter 
type to uracil and uridine have been described but are photochemically activated.* The 
methanol addition product is hydrolysed by acid to uridine, but more slowly than the 
cyclonucleoside (II), requiring conditions similar to those used for the conversion of 0? : 2’- 
cyclouridine (V) into spongouridine.? The ultraviolet absorption spectrum of the adduct 
is closely similar to that of (V), differing only in intensity (Fig. 1), so that the chromo- 
phores must be closely related. For these reasons structure (III) is preferred. The 
spectrum of the O? : 5’-cyclouridine (II) (Fig. 1) is markedly different from those of (III) 
and (V). We tentatively attribute this to strain in the O?: 5’-cyclo-compound (II), a 
factor which would also account for its easy hydrolysis. It is to be noted, however, that 
some slight strain exists even in 0? : 2’-cyclouridine (V), since an X-ray crystallographic 
structural analysis? of the 5’-deoxy-5’-iodo-derivative shows the the C;»-N® glycosidic 
linkage is slightly deformed from the direction N*-C,,); this may account for the lower 
intensity of absorption noted for (V), as compared with (III). The infrared spectra, too, 
show related effects; derivatives of 0? : 5’-cyclouridine have one band in the carbonyl 
region at about 1650 cm.-!, while this appears as a doublet in derivatives of O?-methyl- 
uridine and in O? : 2’-cyclouridine (see Table). 
Infrared bands in the 
carbonyl region (cm.~") 


2’ : 3’-O-isoPropylidene-O? : 5’-cyclouridine ..............ceeeeeceeceeeeeccceesceeeees 1637 
O?-Methyl-2’ : 3’-O-isopropylideneuridine  ............ 2. cee eeeeeeeeeceeeeeeeeeeeeees 1642, 1663 

DB s F=D-O-ACOt yi : S-CYCIOUTIGIMS on cccecccvescccasccccscvccccccseccccessoscsosees 1658, 1745 
Fe Ck kkkitcossitcessnccaccmarirnomnassoxewnmnanctsess 1630, 1641, 1745 
ee a ae IE  uniccracnudhlnnieckceksisseiadedciahicscidabiniebeiuaehshundedduaaeet 1626, 1650 


When 2’ : 3’-O-isopropylidene-O? : 5’-cyclouridine (II) is dissolved in methanolic 


ammonia, O?-methyl-2’ : 3’-O-isopropylideneuridine (III) is first formed but prolonged 
reaction leads to its disappearance and the formation of a new crystalline substance, which 
is also formed by the action of ammonia in ethanol, via the intermediate ethanol addition 
compound. Analysis indicates that the new compound is formed by displacement of an 
alkoxyl by an amino-group and we therefore formulate it as 2’ : 3’-O-isopropylidenetso- 
cytidine (IV). Although no direct analogy is available, the changes in ultraviolet spectrum 
with pH (Fig. 2) are reminiscent of those observed with other aminohydroxypyrimidines.® 
The isopropylidene derivative (IV) is converted by cold formic acid into the parent nucleos- 
ide, tsocytidine, which has so far resisted attempts at crystallisation. Confirmation of its 
structure comes from the conversion of the compound into uridine by the action of nitrous 
acid. 

An analogous series of compounds is obtained by similar methods from 2’ : 3’-di-O- 
acetyl-5’-deoxy-5’-iodouridine. Thus with silver acetate in methanol the latter substance 
readily affords 2’ : 3’-di-O-acetyl-O? : 5’-cyclouridine. If the reaction mixture is evaporated 
to dryness, the product isolated by extraction is 2’ : 3’-di-O-acetyl-O?-methyluridine and a 
similar process using silver acetate in ethanol affords the corresponding O?-ethyluridine 
diacetate. O?-Methyluridine is obtained from the diacetyl-O? : 5’-cyclouridine by short 
treatment with triethylamine in methanol. With methanolic ammonia over a more 
extended period, tsocytidine is obtained. 

EXPERIMENTAL 

Paper chromatography was carried out using Whatman No. 1 paper and the solvent system 
butan-l-ol-water (86:14). The Rp values recorded are for this system; wherever possible 
authentic specimens were run concurrently for comparison. 

2’ : 3’-O-isoPropylidene-O? : 5’-cyclouridine—A solution of 5’-deoxy-5’-iodo-2’ : 3’-O-iso- 
propylideneuridine (2-43 g.) in anhydrous methanol (600 c.c.) was boiled under reflux with 
silver acetate (4-5 g.) for 15 min., and the mixture filtered through Hyflo Supercel. Silver ions 


% Moore and Thompson, Science, 1955, 122, 594. 
* Brown, Cochran, Medlin, and Varadarajan, J., 1956, 4873. 
® Shugar and Fox, Biochim. Biophys. Acta, 1952, 9, 199, 369 
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were removed from the filtrate by hydrogen sulphide and, after concentration to 20 c.c., benzene 
was added. The crystalline product (1-3 g.) which separated was recrystallised from ethanol, 
forming colourless plates which sintered at 190° and then darkened but did not melt (Found : 
C, 54-2; H, 5-1; N, 11-0. C,,H,,O;N, requires C, 54-1; H, 5-3; N, 10-5%). It had Rp 0-62. 
Light absorption in 95% EtOH: Agax, 237 my (e 14,100); Agin, 212 my (e 3290). 

The substance was converted into 2’ : 3’-O-isopropylideneuridine * (Ry 0-78) by 25% acetic 
acid or 0-3N-sodium hydroxide at room temperature during 4 hr. 

O?-Methyl-2’ : 3’-O-isopropylideneuridine.—(i) The above cyclouridine derivative (0-3 g.) 
in methanol (100 c.c.) was mixed with saturated methanolic ammonia (1 c.c.) and after 4 hr. 
at room temperature the solvent was removed in vacuo. The product formed stout colourless 
rods (from aqueous methanol), m. p. 155—156° (Found: C, 51-9; H, 5-9; N, 9-2. C,,H,,O,N, 
requires C, 52-3; H, 6-1; N, 9-4%). It had Ry 0-78 and was easily soluble in methanol and 
ethanol. Light absorption in 95% EtOH: Anax, 248—249, 229 my (e 10,000, 10,200); Amin. 
238, 212 my (e 9400, 5970). 

(ii) 2’ : 3’-O-isoPropylidene-O? : 5’-cyclouridine (0-1 g.) was dissolved in methanol (50 c.c.) 
and triethylamine (1 c.c.). Evaporation of the solution after 8 hr. and crystallisation of the 
residue gave O?-methyl-2’ : 3’-O-isopropylideneuridine (55 mg.), m. p. and mixed m. p. 155—156°. 

The substance was stable to cold 25% acetic acid but was converted into uridine (Ry 0-19) 
by 0-1n-sulphuric acid at 100° in 1 hr. isoPropylideneuridine was formed in a few minutes by 
treatment with 0-3N-sodium hydroxide at room temperature. 

O?-Ethyl-2’ : 3’-O-isopropylideneuridine—To a solution of 2’: 3’-O-isopropylidene-O? : 5’- 
cyclouridine (0-3 g.) in ethanol (100 c.c.), triethylamine (5 c.c.) was added. Evaporation of 
the solution at the end of 10 days yielded O?-ethyl-2’ :.3’-O-isopropylideneuridine, which 
crystallised from ethanol as prisms, m. p. 171—172° (Found: C, 54:0; H, 6-5; N, 9-0. 
C14H2O,N, requires C, 53-8; H, 6-5; N, 9-0%). Light absorption in 95% EtOH : Agax. 248, 
229 muy (e 10,400, 11,300); Amin, 241, 213 my (ec 10,100, 5990). It had Rp 0-86. 

2’ : 3’-O-isoPropylideneisocytidine.—2’ : 3’-O-isoPropylidene-O® : 5’-cyclouridine (0-3 g.) was 
dissolved in anhydrous methanol (10 c.c.), and saturated methanolic ammonia (35 c.c.) added. 
After 5 days, formation of the product (Rp 0-58) was complete. The solution was evaporated 
to dryness and the residue crystallised from ethanol. 2’: 3’-O-isoPropylideneisocytidine 
formed thick colourless prisms, m. p. 206—207° (Found: C, 50-8; H, 62; N, 14-6. 
C,.H,,0,;N, requires C, 50-9; H, 6-1; N, 14-8%). Light absorption in water: Ana, 254—255, 
205 my (¢ 5820, 25,400), Amin, 248 mu (ce 5690); in O-IN-HC1: Agax. 256, 220 my (ce 7110, 8390), 
Amin, 239 my (¢ 4790); in 0-IN-NaOH: Apax, 223—224 my (ce 16,500). The infrared spectrum 
of the substance showed a band in the carbonyl region at 1645 cm.?. 

The same substance was obtained by treating an ethanol solution of the cyclouridine with 
ethanolic ammonia. The initially formed O?-ethylisopropylideneuridine (Rp 0-86; Amax. 248, 
229 my) changed into isopropylideneisocytidine (Rp 0-58) during 5 days. When isolated it had 
m. p. 206—207° alone or when mixed with the material prepared as described above. 

isoCytidine (3-8-D-Ribofuranosylisocytosine).—The above tsopropylidene derivative (0-2 g.) 
was dissolved in formic acid (20 c.c. of 98%). After 4 hr. at room temperature, formic acid was 
removed by evaporation im vacuo with repeated additions of ethanol. The product was a 
hygroscopic glass, very soluble in water but insoluble in ethanol. It was precipitated by 
concentration of a 98% ethanolic solution under reduced pressure (Found, in a sample dried 
for 12 hr. at 110°/0-1 mm. over phosphoric oxide: C, 44-6; H, 5-4; N, 17-1. C,H,,;0;N, 
requires C, 44-4; H, 5-3; N, 17-3%) and had Rp 0-12. 

Sodium nitrite (75 mg.) was added to the synthetic isocytidine (50 mg.) in 2N-acetic acid. 
After 4 hr. at room temperature, the solution was de-ionised by passage through a column of a 
mixture of Amberlite IR-4B (OH form) and Amberlite IRC-50 (H form) (75 g. of each), and the 
eluate and washings were ccllected and concentrated to about 1 c.c. Paper chromatography 
showed a single spot (Rp 0-19). An aqueous eluate of the spot had the characteristic ultra- 
violet absorption spectrum of uridine (Apax, 260 My; Apin, 230 my). 

5’-O- Toluene -p - sulphonyluridine.—2’ : 3’ - O -isoPropylidene- 5’-O - toluene - p - sulphony1- 
uridine ® (1-0 g.) was dissolved in 98% formic acid (20 c.c.), and the solution set aside for 3 hr. 
After removal of formic acid im vacuo, the glassy residue was crystallised from ethanol. The 
toluene-p-sulphonyl derivative formed thin plates (0-83 g.), m. p. 162—163°, Rp 0-66 (Found : 
C, 47-8; H, 4:8; N, 7-1. C,gH,,0,N,S requires C, 48-2; H, 4-6; N, 7-0%). 

® Levine and Tipson, J. Biol. Chem., 1934, 106, 113. 
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The substance was recovered unchanged when dissolved in saturated methanolic ammonia 
and left for 24 hr. at room temperature. 

5’-Deoxy-5'-iodouridine (with Dr. D. T. ELMoRE).—5’-Deoxy-5’-iodo-2’ : 3’-O-tsopropylidene- 
uridine * (2-5 g.) was treated as above with formic acid. After removal of formic acid, the 
residual glass was evaporated several times with ethanol. The iodo-compound crystallised 
from ethanol and after recrystallisation formed colourless needles (1-8 g.), m. p. 182—183°, Rp 
0-57 (Found: C, 30-6; H, 3-1; N, 7-7. C,H,,O;N,I requires C, 30-5; H, 3-1; N, 7-9%). 

The substance was unaffected by methanolic ammonia at 60°. 

2’ : 3’-Di-O-acetyl-5’-deoxy-5'-iodouridine.—The above iodo-compound (1-3 g.) was treated 
with acetic anhydride (10 c.c.) and anhydrous pyridine (1 c.c.) and set aside for 15 hr. Ethanol 
was added and then solvents were removed in vacuo. The diacetate crystallised from ethanol 
in stout prisms (1:15 g.), m. p. 162—163°, Rp 0-90 (Found: C, 35-5; H, 40; N, 6-2. 
C,3H,,0,N,I requires C, 35-6; H, 3-5; N, 6-4%). 

2’ : 3’-Di-O-acetyl-O# : 5’-cyclouridine.—The above diacetate (0-85 g.) in anhydrous methanol 
(150 c.c.) was refluxed with silver acetate (2-0 g.) for 30 min. Silver iodide began to separate 
as soon as the solution was brought to the boil. The hot solution was filtered through Hyflo 
Supercel, and silver ions were removed by hydrogen sulphide. Concentration of the solution 
gave the cyclouridine (0-43 g.) which crystallised from methanol in clusters of fine needles, 
sintering at 240° with decomposition at 245—265°. It had Ry 0-37 (Found: C, 50-7; H, 5-1; 
N, 9-5. C,3;H,,O;N, requires C, 50-3; H, 4-6; N,9-0%). It was sparingly soluble in methanol 
and ethanol. Light absorption in 95% EtOH: Anax, 238 my (e 13,900); Amin, 212 my (e 2900). 

(a) The substance was treated in the cold with 25% acetic acid.. Conversion into uridine 
diacetate (Ry 0-69; Amax. 260, Amin, 230 mu) was complete in 4 hr. 

(b) With 0-3Nn-sodium hydroxide conversion into uridine was complete in 5 min. The 
product was identified by its Ry (0-19), ultraviolet absorption, and a positive reaction to the 
periodate—Schiff spray reagent.’ 

(c) After reaction of the cyclouridine diacetate with aqueous ammonia paper chromatography 
showed the presence of uridine (Rp 0-19; Amax, 260, Anin, 230 my) and tsocytidine (Rp 0-12; Amax. 
255, 205 my). 

(d@) Use of methanolic ammonia for 6 hr. gave two products, separable by paper chromato- 
graphy and identified as isocytidine (Rp 0-12; Agax, 255, 205 my) and O?-methyluridine (see 
below) (Ry 0-22; Amax, 249, 229 my). Prolonged treatment yielded only the former compound. 

O*-Methyluridine.—To a solution of 2’ : 3’-di-O-acetyl-O? : 5’-cyclouridine (0-18 g.) in hot 
methanol (70 c.c.) was added triethylamine (1 c.c.), and the solution was kept overnight at 
room temperature. After evaporation to dryness the residue was crystallised from ethanol, 
a small amount of a sparingly soluble product (40 mg.), m. p. 210° (decomp.), separating. 
Analytical values were poor but light-absorption data (A,,,x, 235 my) suggested that the sub- 
stance was O?: 5’-cyclouridine. Evaporation of the mother-liquors to small bulk (4 c.c.) 
yielded O?-methyluridine which crystallised from ethanol in prisms, m. p. 173° (Found: C, 45-6; 
H, 5-5; N, 10-3. Cy9H,O,N, requires C, 46-5; H, 5-5; N, 10-8%), Rp 0-22. Light absorp- 
tion in H,O: Amax, 249, 229 my (c 9890, 9360); Anin. 237-5, 213 mu (ec 8710, 5240). 

2’ : 3’-Di-O-acetyl-O*-methyluridine.—2’ : 3’-Di-O-acetyl-5’-deoxy-5’-iodouridine (1-0 g.) and 
silver acetate (3-0 g.) were boiled under reflux in anhydrous methanol for 30 min. After 
filtration from silver salts the solution was taken to dryness under reduced pressure, the grey 
residue was dissolved in methanol, and silver ions were removed by hydrogen sulphide. 
Removal of solvent gave a colourless product easily soluble in methanol. Recrystallisation 
from this solvent gave the product (0-49 g.) in long rectangular rods, m. p. 198—200°, Ry 0-69 
(Found: C, 49-2; H, 5-1; N, 8-2. C,,H,,0,N, requires C, 49-1; H, 5-3; N, 82%). Light 
absorption in 95% EtOH : Amax, 245, 231 my (ce 10,200, 10,100); Apin, 236—240 my (e 9900). 

2’ : 3’-Di-O-acetyl-O*-ethyluridine.—This compound was prepared as above but with ethanol 
instead of methanol as solvent. It formed thin colourless plates, m. p. 183—185°, Rp 0-85 
(Found: C, 50-3; H, 5-7; N, 8-3. C,;HO,N, requires C, 50-6; H, 5-7; N, 7-9%). Light 
absorption in 95% EtOH: Amax. 246—248, 229—230 my (ce 10,900 11,100); Angin, 239—240, 
212—213 mu (ce 10,500, 6300). 





We gratefully acknowledge an Overseas Scholarship of the Royal Commission for the 
Exhibition of 1851 and Travel Grant of the British Council awarded to one of us (S. V.). 

UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, July 26th, 1956.) 

? Buchanan, Dekker, and Long, J., 1950, 3165. 











[1957 King, Clark-Lewis, Wade, and Swindin. 873 


166. Syntheses from Phthalimido-acids. Part VII.* Oxazolones and 
Other Intermediates in the Synthesis of Phthalylpeptides, and an 
Investigation of Maleic Acid Derivatives of Amino-acids. 


By F. E. Kine, J. W. CLARK-LEwis, Roy WaApE, and (in part) W. A. SwInDIN. 


Simple phthalyldipeptides are obtained more conveniently and in 
higher yields by mixed anhydride coupling than by the use of acid chlorides, 
and in the former method higher yields are obtained with isobutyl chloro- 
formate than with the ethylester. Oxazolone coupling of phthalyldipeptides 
with amino-acid esters may be used with advantage for the preparation of 
certain phthalyltripeptides, but phthalyl-y-glutamylamino-acids yield 
glutarimides instead of oxazolones. 

Maleamic acids are readily prepared from amino-acids and maleic 
anhydride but do not form maleimido-acids; consequently the maleyl 
group is unsuitable as a protecting device in peptide synthesis. 


THE reactions of phthalylglutamic and phthalylaspartic anhydride with alcohols, amines, 
and amino-acids or their derivatives have been described in earlier Parts of this series, and 
lead respectively to phthalyl-y-glutamyl derivatives and to mixtures of the phthalyl-a- 
and phthalyl-g-aspartyl compounds. -The preparation of phthalylpeptides from mono- 
basic phthalimido-acids, however, involves the use of an azide, chloride, or mixed anhydride 
for reaction with the appropriate amino-acid, ester, or amide. Phthalimido-acid 
hydrazides must be prepared by indirect methods, e.g., from benzyloxycarbonylhydrazine,! 
or more conveniently from the acid chloride and sodium azide,? but this route offers no 
advantage over direct coupling by means of the acid chloride unless the specificity of the 
azide method is essential. 

Preparations of phthalylglycylglycine, its ethyl ester, and phthalylglycyl-pL-alanine 
have been carried out, by various methods; the mixed carbonic anhydride procedure has 
been found to give better yields than the acid chloride method in each case, and has the 
further advantages of speed and simplicity. Moreover the use of tsobutyl chloroformate 
in this method gave slightly better yields than that of ethyl chloroformate,® in agreement 
with the findings of other investigators.*:5 Phthalylglycylglycine (55% after purification) 
was prepared from phthalylglycyl chloride as described by Sheehan and Frank ® (who claim 
89-5%), and it was found that the crude product (ca. 90%) contained phthalylglycine. 

Oxazolones react with amino-acid esters to give acyldipeptide esters 7? but this method 
had previously been used only when the protecting group (acetyl, benzoyl) cannot be 
removed without cleavage of peptides. Unpublished experiments * have shown that 
phthalylglycyl-p1-alanylglycine ethyl ester, and hence by hydrolysis with hydrazine, etc., 
glycyl-pL-alanylglycine, can be prepared from 4-methyl-2-phthalimidomethyloxazolone, 
and further examples are now described. Thus reaction of the appropriate base with the 
oxazolone (II; R = H) from phthalylglycylglycine (I; R = H) gave phthalylglycylglycine 
anilide (84°) and the ethyl esters (each 80%) of the tripeptides, phthalyldiglycyl-glycine, 
-L-leucine, and -S-benzyl-t-cysteine. The high yields make the oxazolone route useful 
for the preparation of simple phthalyltripeptides (III) containing a DL-amino-acid or 
glycine as the central amino-acid. This restriction arises from the ease of racemisation 
of oxazolones (II), presumably by way of the enol tautomer (IIa). The method is 


Part VI, J., 1954, 1046. 


Hofmann, Lindenmann, Magee, and Khan, J. Amer. Chem. Soc., 1952, '74, 470. 
King, Clark-Lewis, and Smith, J., 1954, 1046. 

Boissonnas, Helv. Chim. Acta, 1951, $4, 874. 

Vaughan and Osato, J. Amer. Chem. Soc., 1952, '74, 676. 

Wieland and Bernhard, Annalen, 1951, 572, 190. 

Sheehan and Frank, J. Amer. Chem. Soc., 1949, 71, 1856. 

Carter, “‘ Organic Reactions,’’ Wiley, New York, 1946, Vol. III, p. 216. 

B. S. Jackson, Thesis, Nottingham, 1951. 
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applicable in principle to the preparation of higher peptides, a phthalyltripeptide for 
example being converted into the oxazolone and thence into a phthalyltetrapeptide ester 
in which only the terminal amino-acids retain their asymmetry. The action of acetic 
anhydride on phthalyl-y-glutamylamino-acids (IV; R =H or Me) led to the formation 


(1) o-C,H,(CO),N-CHR-CO-NH-CHR:CO,H o-C,H,(CO),N-CHR-CO-NH-CHR-CO-NHR’ (III) 


Jao fees 


/-N—CHR ZN—CR 
0-C,H,(CO),N-CHR-C <== —0-C,H,(CO),N-CHR-C- 
(II) o—-co (IIa) O—-C-0H 


of substituted glutarimides (V; R = H or Me) instead of oxazolones, the products being 
stable to alcohols, to aniline, and to amino-acid esters. Phthalyl-pi-glutamine similarly 
gave 3-phthalimidopiperid-2 : 6-dione with acetic anhydride. Glutarimides have been 
postulated ® as intermediates in the conversion of benzyloxycarbonyl-«-glutamylpeptides 


CH, CH, 
i oo. 
MG co H.C co 
| Ac,O 
0-C,H,(CO),N-CH = NH-CHR-CO,H ——® 0-C,H,(CO),N-HC —_-N-CHR-CO,H 


CO,H_—_ (IV) co (V) 


into an equilibrium mixture of «- and y-isomers in which the latter predominate, and 
similar interconversions have been discussed by Clayton and Kenner ?° and by Battersby 
and Robinson.!4 Our glutarimides are stable substances however, and it seems more 
probable that the interconversion of «- and y-glutamyl] derivatives involves a transition- 
state complex (hydrated glutarimide) in which transfer of OH~ from one carbonyl group 
to the other occurs simultaneously with the fission of the C-N bond, and that this does not 
involve formation of a glutarimide, 7.e., removal of a proton from the NH group. 

Derivatives of Maleamic Acid.—The formal similarity between phthalimide and 
maleimide suggests that maleimido-acids (VI) might be applied to the synthesis of peptides 
as with phthalimido-acids. None of the required maleimido-acids (VI) is known however, 
and the literature records only four maleamic acids (VII) derived from amino-acids. 


HC—CO HC-CO-NHR 
(V1) "SN:CHR:CO,H (VII) 
HC—CO HC-CO,H 


La Parola ® prepared maleamic acids (VII; R =o0-, m-, and p-C,H,°CO,H) from the 
benzylidene derivatives of the three aminobenzoic acids, and maleylglycine (VII; 
R = CH,°CO,H) was obtained by Werbin and Spoerri.4* Maleamic acids have been used 
recently !4 for the preparation of 8-pL-aspartyl derivatives, following work by Fischer and 
Koenigs *® on the amination of fumaryldiglycine and fumaryldi-pt-alanine. Maleic 
anhydride reacts readily with aliphatic amino-acids * or esters dissolved in acetic acid, to give 
the maleamic acids (VII; R = CH,°CO,H, CH,°CO,Et, and CHMe-CO,H) and with ethyl 


* The ready interaction of amino-acids with maleic anhydride in acetic acid solutions was first demon- 
strated by Sir Robert Robinson, O.M., F.R.S., in 1939, and the preparation of several maleamic acids by 
this method has been carried out by A. Bowman (Thesis, Oxford, 1940) and one of us (F. E. K.). 


® Kovacs, Medzihradszky, and Bruckner, Naturwiss., 1954, 41, 450. 

#© Clayton and Kenner, Chem. and Ind., 1953, 1205; see also Clayton, Kenner, and Sheppard, /., 
1956, 371. 

11 Battersby and Robinson, J., 1955, 259. 

2 La Parola, Gazzetta, 1934, 64, 919; see also Snyder, Levin, and Wiley, J. Amer. Chem. Soc., 1938, 
60, 2025. 
18 Werbin and Spoerri, tbid., 1947, 69, 1681. 
1 Liwschitz and Zilkha, ibid., 1955, 77, 1265. 
18 Fischer and Koenigs, Ber., 1904, 37, 4585. 
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p-aminobenzoate to give the ester (VII; R = p-C,H,-CO,Et), but reaction with p-amino- 
benzoic acid in acetic acid led to p-acetamidobenzoic acid, whereas in acetone or dioxan 
the required maleamic acid (VII; R = £-C,H,°CO,H) was obtained. No method has 
been found for cyclising these products to the required maleimido-acids (VI), and maleanilic 
acid (VII; R = Ph) likewise failed to yield N-phenylmaleimide under a variety of 
conditions, including some described in the patent literature for this cyclodehydration.?® 17 
Inaccessibility of appropriate maleimido-acids (VI) therefore precludes the use of the 
maleyl group for the protection of amino-acids during peptide synthesis. 

Some confusion exists in the early literature on maleamic and fumaramic acid, and the 
reaction of aniline with maleic anhydride was originally supposed 18: !® to give fumaranilic 
acid. Later this conclusion was revised and the product was shown 2° to be maleanilic 
acid: the subject has been reviewed by Bischoff.2!_ Failure to obtain maleimido-acids 
(VI) appeared to indicate that the primary products were not maleamic acids (VII) 
but fumaramic acids, but this was disproved by examination of their anthracene 
adducts. Maleylglycine with anthracene in acetic acid gave anthracene-9 : 10-endo- 
«-succinimidoacetic acid 7 (10%), the major product of the reaction being anthracene- 
9 : 10-endo-x8-succinic anhydride, which had earlier been converted into the glycine 
derivative. Prolonged heating, however, of maleylglycine and anthracene in acetic 
acid led to the formation of thermostable anthracene-9 : 10-endo-«$-trans-succinic acid. 


EXPERIMENTAL 

Phthalyiglycine and Phthalylglycyl Chloride—Phthalylglycine (95%), prepared by fusion *% 
of phthalic anhydride and glycine at 180—185° for 15 min., crystallised from water in needles, 
m. p. 192—193° (lit.,24* 192—193°). The p-chlorobenzamidinium and S-benzylthiuronium 
salts melted at 265° (decomp.) and 188—189° respectively. 

Phthalylglycyl chloride 25 was obtained by heating phthalylglycine (10 g.) and thionyl 
chloride (20 c.c.) for 40 min., and evaporation of the thionyl chloride; it crystallised from light 
petroleum in large prisms (9-3 g., 85%), m. p. 85—86° (lit.,25 26 m. p. 84—85°) and was stable 
for long periods in a desiccator over phosphoric oxide. This method is superior to older methods 
of preparation.?® ® 

Phthalylglycylglycine Ethyl Ester.—(a) Acid chloride method. Phthalylglycyl chloride 
(2-25 g.) in pure dry dioxan (10 c.c.) was added dropwise to a stirred mixture of glycine ethyl 
ester hydrochloride (1-4 g.), triethylamine (3-1 c.c.), and dry dioxan (10 c.c.) at 10°. The solid 
was collected after 4 hr. and washed with water, aqueous sodium hydrogen carbonate, and water. 
Phthalylglycylglycine ethyl ester crystallised from ethanol in rods (2-4 g., 80%), m. p. 191—192 
(lit.,27 m. p. 195°) (Found: N, 10-3. Calc. for C,,H,,O;N,: N, 10-5%). 

(b) Mixed anhydride method. A solution of phthalylglycine (2-05 g.) and triethylamine 
(1-4 c.c.) in dry chloroform (25 c.c.) was cooled to 5° and stirred during the addition of isobutyl 
chloroformate (1-3 c.c.). The mixed anhydride solution was stirred at 5° for 10 min. before the 
addition of glycine ethyl ester hydrochloride (1-4 g.) dissolved in triethylamine (1-4 c.c.) and 
chloroform (10 c.c.) (carbon dioxide was evolved). When stirred at room temperature the 
solution began to deposit solid after 30 min., and the solution was then concentrated to 10 c.c. 
Next day the solid was collected and, after being washed as described in (a), it crystallised from 
ethanol in rods (2-6 g., 85%), m. p. 190—192° alone and when mixed with the product obtained 
by method (a). 


16 Speer, U.S.P. 2,262,262; Chem. Abs., 1942, 36, 1333. 

17 Searle, U.S.P. 2,444,536; Chem. Abs., 1948, 42, 7340. 

18 Anschiitz, Ber., 1887, 20, 3214. 

19 Anschiitz and Wirtz, Annalen, 1887, 239, 137. 

20 Anschiitz, ibid., 1890, 259, 137. 

21 Bischoff, Ber., 1891, 24, 2001. 

#2 Bachmann and Cole, J. Org. Chem., 1939, 4, 60. 

23 Reese, Annalen, 1887, 242, 1. 

*4 Johnson and Scott, J. Amer. Chem. Soc., 1913, 35, 1133. 
25 Emerson, U.S.P. 2,498,665: Chem. Abs., 1950, 44, 4926. 
26 Gabriel, Ber., 1907, 40, 2648 

? Boissonnas and Schumann, Helv. Chim. Acta, 1952, 35, 2229. 
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(c) Stis’s method.2® A mixture of freshly distilled glycine ethyl ester (2-4 g.), phosphorus 
trichloride (1-4 c.c.), dry benzene (10 c.c.), and dry dioxan (10 c.c.) was shaken in a closed flask 
for 10 min., whereupon the temperature of the mixture rose to 45° and a gelatinous precipitate 
formed. Phthalylglycine (3-2 g.) was added to the mixture which was then boiled under reflux 
for 30 min. before distillation of volatile material under reduced pressure. The residue was 
digested with saturated aqueous sodium hydrogen carbonate, and crystallisation of the 
undissolved material from ethanol gave phthalylglycylglycine ethyl ether (2-4 g., 50%), m. p. 
191—192° alone and when mixed with the samples already described. 

Phthalylglycylglycine.—(a) The above ester (2 g.) was boiled for 1 hr. with 4n-hydrochloric 
acid (5 c.c.) and acetone (5 c.c.), and the acetone was evaporated before collection of crystalline 
phthalylglycylglycine (1-8 g., ca. 100%), m. p. 231—232° (lit.,® 25 2® m. p. 229—231°, 229—230°, 
and 232°) (Found: N, 12-0. Calc. for C,,H,,O;N,: N, 11:8%). The S-benzylthiuronium 
salt had m. p. 173°. 

(b) Acid chloride method. A solution of phthalylglycyl chloride (4-5 g.) in pure dry dioxan 
(25 c.c.) was added dropwise to a stirred and cooled (5°) suspension of glycine (1-5 g., 1 equiv.) 
and light magnesium oxide (1-2 g., 1-5 equiv.) in water (75 c.c.), and stirring was continued for 
10 min. at room temperature after all the acid chloride had been added (cf. Sheehan and Frank *). 
Acidification of the suspension precipitated a mixture of phthalylglycylglycine and phthalyl- 
glycine, and the latter was removed by washing of the filtration residue with several portions of 
hot ethyl acetate. The residue insoluble in ethyl acetate consisted of phthalylglycylglycine, 
which crystallised from water in fine needles (2-9 g., 559), m. p. 231—232° (Sheehan and Frank * 
claimed 89-5%, m. p. 229—231°). Lower yields were obtained when magnesium oxide was 
replaced by sodium hydroxide or by sodium hydrogen carbonate. 

(c) Mixed anhydride method. Vigorous evolution of carbon dioxide occurred when a solution 
of glycine (0-75 g.) in N-sodium hydroxide (10 c.c.) was added to a solution at 10° of the mixed 
anhydride from phthalylglycine (2-05 g.) and isobutyl chloroformate, which was prepared as 
described under phthalylglycylglycine ethyl ester [method (b)]. The solution was kept for 20 
min. before extraction (thrice) with ether, and the aqueous layer was then acidified to Congo-red 
with 5n-hydrochloric acid. Crystallisation of the precipitate from water gave phthalylglycyl- 
glycine in needles (1-9 g., 73%), m. p. 231—232° alone and when mixed with the products 
described above. Phthalylglycylglycine (62%) was similarly obtained when the mixed 
anhydride from ethyl chloroformate and phthalylglycine was used. 

Phthalylglycyl-pi-alanine.—(a) Phthalylglycyl-pt-alanine (2-2 g., 40%, m. p. 222—224°) 
(lit.,25 m. p. 221—222°) was prepared from phthalylglycyl chloride and pr-alanine by the 
procedure described above for phthalylglycylglycine [method (6)]. It crystallised from water 
in leaflets (Found: N, 11-2. Calc. for C,;,H,,0;N,: N, 11-1%). 

(6) Phthalylglycyl-pt-alanine (1-7 g., 62%), leaflets (from water), m. p. 223—224°, was 
prepared from phthalylglycine and pi-alanine by the mixed anhydride method as described 
for phthalylglycylglycine [method (c)]. 

Phthalylglycylglycine Anilide from 2-Phthalimidomethyloxazolone—A mixture of phthalyl- 
glycylglycine (2-6 g.) and acetic anhydride (25 c.c.) was boiled for 10 min. and the excess of 
acetic anhydride was removed by distillation under reduced pressure. 2-Phthalimidomethy]l- 
oxazol-5-one remained as a viscous, clear yellow residue, which dissolved in organic solvents 
but did not crystallise. Separation of solid began within a few minutes of the addition of 
aniline (0-5 c.c.) to a benzene solution (10 c.c.) of the oxazolone from phthalylglycylglycine 
(1-3 g.), and the product (1-4 g., 84%) was collected next day and washed with water, aqueous 
sodium hydrogen carbonate, and water. The anilide crystallised from a small volume of ethanol 
in needles, m. p. 260—262° (Found : C, 63-8; H, 4:3; N, 12-1. C,,H,,;0,N, requires C, 64-1; 
H, 4-5; N, 12-4%). 

Phthalyldiglycylglycine Ethyl Ester—(a) 2-Phthalimidomethyloxazolone, prepared as 
described above from phthalylglycylglycine (2-6 g.), was dissolved in dry benzene (10 c.c.) and 
freshly distilled glycine ethyl ester (1-0 g.) was added (a second liquid phase separated). The 
mixture (pink colour) was kept for 14 hr. before evaporation, and crystallisation of the residue 
from ethanol gave phthalyldiglycylglycine ethyl ester (2-8 g., 80%) in needles, m. p. 229—-230° 
(lit.,* m. p. 228—230°) (Found: C, 55-8; H, 5-1; N, 12-7. Calc. for C,,H,,O,N,: C, 55-4; 
H, 4-9; N, 12-1%). 

28 Siis, Annalen, 1951, 572, 96. 

*® Brigl and Klenk, Z. physiol. Chem., 1923, 181, 66. 
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(b) Phthalylglycyl chloride (1-2 g.) in dry chloroform (10 c.c.) was added during 15 min. 
to a stirred solution of glycylglycine ethyl ester hydrochloride *® (1 g.) and triethylamine (1-6 
c.c.) in chloroform (10 c.c.). Solid separated from the solution during 4 hours’ stirring and the 
product was collected next day and washed with water, aqueous sodium hydrogen carbonate, 
and water. Crystallisation of the residue from ethanol gave phthalyldiglycylglycine ethyl 
ester in needles (1-0 g., 60%), m. p. 229—-230° alone and when mixed with material obtained by 
method (a). 

Phthalyldiglycyl-L-leucine Ethyl Ester.—Freshly distilled L-leucine ethyl ester (0-8 g.) was 
added to a dry benzene solution (20 c.c.) of 2-phthalimidomethyloxazol-5-one prepared, as 
described, from phthalylglycylglycine (1-3 g.). Next day the solution was washed with aqueous 
sodium hydrogen carbonate and with water before evaporation. The residue was dissolved 
in hot ethyl acetate and the solution diluted with light petroleum until slightly turbid and 
allowed to cool very slowly (lagging). Phthalyidiglycyl-L-leucine ethyl ester crystallised in fine 
needles (1-6 g., 80%), m. p. 154—156° raised to 156—157° by recrystallisation, [«]?? + 21-2° 
(3:3% in CHCI,) (Found: C, 59-2; H, 6-4; N, 10-1. C, 9H,,;0,N, requires C, 59-5; H, 6-2; 
N, 10-4%). 

Phthalyldiglycyl-S-benzyl-.-cysteine Ethyl Estey —A suspension of S-benzyl-L-cysteine ethyl 
ester hydrochloride *° (1-38 g.) in ethyl acetate (30 c.c.) and triethylamine (0-7 c.c.) was shaken 
for 3 hr. before addition of an ethyl acetate solution of the oxazolone prepared, as described, 
from phthalylglycylglycine (1-3 g.). The mixture was kept at room temperature for 24 hr. before 
extraction with water, aqueous sodium hydrogen carbonate, and water, and the organic layer was 
then evaporated under reduced pressure to leave a gum which crystallised from hot ethanol. 
Recrystallisation from a large volume of ethanol gave phthalyldiglycyl-S-benzyl-L-cysteine ethyl 
ester in needles (1-9 g., 80%), m. p. 187—188°, [a]? —9-1° (0-8% in CHCl) (Found: C, 59-5; 
H, 5-2; N, 8-6. C,,H,,0,N,S requires C, 59-6; H, 5-2; N, 8-7%). 

Phthalyl-.-leucylglycine.—Fusion ** of equimolecular quantities of phthalic anhydride and 
L-leucine at 180—185° for 10 min. gave phthalyl-t-leucine which crystallised from light 
petroleum in waxy needles (80%), m. p. 114—116°, [a]? —26-8° (3-2% in EtOH). The yield 
and specific rotation of the product were higher than in previous preparations for which m. p.s 
115—116° to 118-5—119-5° and [a], —21-9° to —24° are recorded.** 31-33 Phthalyl-L-leucine 
gave the S-benzylthiuronium salt, m. p. 149°. 

Phthalyl-1-leucyl chloride was prepared by boiling thionyl chloride (10 c.c.) with phthalyl- 
L-leucine for 45 min., and the excess of thionyl chloride was removed under reduced pressure, 
the last traces being removed by similar distillations after the addition of benzene (2 x 10 c.c.). 
The residue of acid chloride was dissolved in dry dioxan (20 c.c.) and coupled with glycine 
(1-4 g.) by the magnesium oxide procedure ® as described for phthalylglycylglycine [method (5)]}. 
Acidification of the reaction mixture with 2N-hydrochloric acid precipitated an oil which was 
extracted into ether, and evaporation of the ether left a residue of the dipeptide derivative 
which dissolved in aqueous sodium hydrogen carbonate. Acidification of this solution (after 
ether-extraction) with 2Nn-hydrochloric acid precipitated crystalline phthalyl-L-leucylglycine 
dihydrate (3-9 g., 60%), which crystallised from ethyl acetate—light petroleum (b. p. 60—80°) in 
rosettes, m. p. 164—165°, [a]? —37-8° (2-8% in n-Na,CO,) (Found: C, 53-8; H, 6-2; N, 7-9. 
C,,.H,,0;N,,2H,O requires C, 54:2; H, 6-2; N, 7-9%). An attempt to condense the acid 
chloride with glycine (2 mol.) in acetic acid led to the formation of glycine hydrochloride and 
acetylglycine, prisms, m. p. 204—206°. 

1-Carboxymethyl-3-p.-phthalimidopiperid-2 : 6-dione—A mixture of phthalyl-pL-glutamic 
anhydride *4 (2 g.), glycine (0-58 g.), and glacial acetic acid (15 c.c.) was boiled to effect solution 
and then heated on a steam-bath for 20 min. before evaporation of the solvent. The residue 
was boiled with acetic anhydride (10 c.c.) for 4 min. and evaporation under reduced pressure 
then left a syrup which crystallised from aqueous alcohol in leaflets (1:96 g., 76%), 
m. p. 202° after sintering at 120°. Recrystallisation from aqueous ethanol gave the 
monohydrate of 1-carboxymethyl-3-p.L-phthalimidopiperid-2 : 6-dione in leaflets which sintered 
at 112—116°, resolidified at ca. 138°, and finally melted at 204° (Found: C, 53-5; H, 3-8; 


%° Harington and Pitt-Rivers, Biochem. J., 1944, 38, 417. 

$1 Fling, Minard, and Fox, J. Amer. Chem. Soc., 1947, 69, 2466. 
32 Billmann and Harting, ibid., 1948, 70, 1473. 

33 Sheehan, Chapman, and Roth, ibid., 1952, 74, 3822. 

%* King and Kidd, /., 1949, 3315 
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N, 8-8. C,;H,,O,N,,H,O requires C, 53-9; H, 4:2; N, 84%). Crystallisation of the 
monohydrate from ethanol-light petroleum (b. p. 60—80°) gave 1-carboxymethyl-3-DL- 
phthalimidopiperid-2 : 6-dione (1-81 g., 74%) in rectangular plates, m. p. 204° (Found: C, 57-0; 
H, 4-2; N, 9-0. C,,H,,O,N, requires C, 57-0; H, 3-8; N, 8-9%). The glutarimide (85—90%) 
was also obtained by similar cyclisation of preformed phthalyl-y-pL-glutamylglycine,** although 
in lower overall yield from phthalyl-pL-glutamic anhydride. The methyl ester (1-5 g., 90%), 
prepared by the action of ethereal diazomethane on the acid (1-58 g.), crystallised from methanol 
in prisms, m. p. 130—132° (Found: C, 58-3; H, 4:2; N, 8-5. C,.H,,O,N, requires C, 58-2; 
H, 4-2; N, 85%). 

1-Ethoxycarbonylmethyl-3-pL-phthalimidopiperid-2 : 6-dione—A solution of the above 
anhydrous acid (1 g.) in ethanol (10 c.c.) was saturated with dry hydrogen chloride without 
cooling, and the solution was boiled for 30 min. before evaporation of the ethanolic hydrogen 
chloride under reduced pressure. A solution of the residue in ether (35 c.c.) was washed with 
aqueous sodium hydrogen carbonate and with water, and then dried (MgSO,). Evaporation 
of the ether and crystallisation of the residue from ethanol-light petroleum gave l-ethoxy- 
carbonylmethyl-3-DL-phthalimidopiperid-2 : 6-dione (0-37 g., 34%) in rectangular plates, m. p. 
100—102° (Found: C, 59-7; H, 4:2; N, 8-4. C,,H,,O,N, requires C, 59-3; H, 46; N, 
8-1%). ‘ 

1-Phenylcarbamoylmethyl-3-pL-phthalimidopiperid-2 : 6-dione.—Powdered phosphorus penta- 
chloride (2-19 g.) was added to a solution of the above acid (3-16 g.) in dry chloroform (32 c.c.) 
at 0° and the cooled mixture was shaken intermittently during 30—40 min. before filtration 
through glass wool, and the residue was discarded. The filtrate was evaporated under reduced 
pressure and the residue was washed by decantation with dry light petroleum (2 x 15 c.c.) 
before being dissolved in dry chloroform (20 c.c.) at 0°. This solution was added during 5 min. 
to a stirred cold solution of aniline (2-8 c.c., an excess) in chloroform (20 c.c.), and the mixture, 
after being kept at room temperature for 30 minutes, was washed with 2Nn-hydrochloric acid, 
aqueous sodium carbonate, and water. Evaporation of the dried (MgSO,) chloroform solution 
left a pale yellow gum which crystallised (2-29 g., 58%) readily from aqueous ethanol. 
Recrystallisation from ethanol (charcoal) gave  1-phenylcarbamoylmethyl-3-D.L-phthal- 
imidopiperid-2 : 6-dione monohydrate, m. p. 129—132° (Found: C, 61:2; H, 4:7; N, 10-3. 
C,,H,;0,;N,;,H,O requires C, 61-6; H, 4-7; N, 10-3. Found, in material dried at 130°: C, 64-7; 
H, 4:6; N, 11-3. C,,H,,0O;N, requires C, 64-5; H, 4:3; N, 10-7%). 

3-pL-Phthalimidopiperid-2 : 6-dione.—Phthalyl-pi-glutamine ** (1 g.) was boiled with 
acetic anhydride (5 c.c.) for 5 min. before removal of volatile material by evaporation under 
reduced pressure. The residual clear gum was dissolved in aqueous ethanol and, after the pH 
had been adjusted to 9 by the addition of aqueous sodium carbonate, crystallisation gave 
3-pL-phthalimidopiperid-2 : 6-dione (0-31 g., 33%) in plates, m. p. 270° raised to 272° (decomp.) 
by recrystallisation from aqueous ethanol or from aqueous dioxan. The compound darkened 
progressively above 230° (Found: C, 60-9; H, 3-9; N, 10-4. C,,;H,,O,N, requires C, 60-5; 
H, 3-6; N, 10-8%). The mother-liquors gave an intractable oil, and no improvement in yield 
resulted when the reaction time was doubled. 

1-1’-Carboxyethyl-3-D.L-phthalimidopiperid-2 : 6-dione.—A mixture of pL-alanine (1-78 g.) and 
phthalyl-pL-glutamic anhydride *4 (5-18 g.) in glacial acetic acid (40 c.c.) was heated to boiling 
and then kept on a steam-bath for 20 min. before evaporation under reduced pressure. The 
residue of crude phthalyl-y-pL-glutamyl-pL-alanine was boiled for 5 min. with acetic anhydride 
(15 c.c.), and the residue, obtained by distillation of the anhydride under reduced pressure, 
crystallised from aqueous ethanol (charcoal) in plates (2-65 g., 38%), m. p. 206° after sintering 
at 196°. Recrystallisation from aqueous ethanol gave 1-1’-carboxyethyl-3-pL-phthalimido- 
piperid-2 : 6-dione in plates, m. p. 216° (Found: C, 58-2; H, 4-4; N, 8-3. C,,H,,O,N, requires 
C, 58:2; H, 4-2; N, 8-5%). 

Maleamic Acids.—Maleylglycine ethyl ester. Anhydrous sodium acetate (8-2 g.) was added 
to glycine ethyl ester hydrochloride (14 g.) in acetic acid (75 c.c.), and the solution was filtered 
from sodium chloride (kieselguhr). The filtrate was warmed to 80° and maleic anhydride (10 g.) 
was added, whereupon it dissolved immediately. The solvent was evaporated under reduced 
pressure and the residue, a pale brown gum, crystallised when triturated with water (yield, 
18 g., 90%). Maleylglycine ethyl ester (N-ethoxycarbonylmethylmaleamic acid) crystallised from 
water in prisms, m. p. 89—90° (Found: C, 48-3; H, 5-6; N, 7-:05%; M, by titration, 199. 
C,H,,0,;N requires C, 47-8; H, 5-5; N, 7-:0%; M, 201). 
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Maleylglycine and maleyl-L-alanine. Glycine (5 g.) in acetic acid (80 c.c.) was added to a 
cold solution of maleic anhydride (6-5 g.) in acetic acid (30 c.c.), and the product (10 g., 85%), 
m. p. 180—182°, was collected after 6 hr. Maleylglycine, m. p. 186—187° (lit.,1% m. p. 189— 
190°), was obtained by crystallisation from butan-2-ol. 

Maleylglycine was heated at 190°/15 mm. for 1 hr. by which time effervescence of the fused 
mass had ceased, leaving a brown amorphous residue which failed to crystallise from a number 
of solvents. Maleylglycine (4 g.) was boiled with acetic acid (10 c.c.) and acetyl chloride (20 c.c.) 
until evolution of hydrogen chloride ceased (1 hr.). Considerable decomposition occurred (tar) 
and the only product isolated was acetylglycine, prisms, m. p. and mixed m. p. 205—206°. 

Maleyl-t-alanine (75%), m. p. 175—176°, was prepared from maleic anhydride and L- 
alanine by the method described for maleylglycine (Found : C, 45-1; H, 5-0; N, 7-3. C,H,O;N 
requires C, 44-9; H, 4-8; N, 7-5%). 

p-Ethoxycarbonylmaleanilic acid. Solutions of ethyl p-aminobenzoate (5 g.) and maleic 
anhydride (3 g.) in acetic acid at 50° were mixed and the yellow product (4 g.) was collected by 
filtration of the cold suspension. The filtrate was evaporated to dryness under reduced pressure 
and crystallisation of the residue from aqueous ethanol gave further product (4 g.)._ Recrystal- 
lisation of the combined solids (8 g.) from aqueous ethanol gave p-ethoxycarbonylmaleanilic acid 
in prisms (7 g., 88%), m. p. 189—190° (Found: C, 59-3; H, 5-0; N, 5-6. C,,H,,0,;N requires 
C, 59-3; H, 4:9; N, 5-3%) 

p-Carboxymaleanilic acid. A solution of maleic anhydride (1-8 g.) and p-aminobenzoic acid 
(2-4 g.) in acetone (55 c.c.) was boiled for 30 min. and then concentrated to 25 c.c. before filtration 
from p-carboxymaleanilic acid (2-1 g.), m. p. 210—212°. The filtrate deposited a further crop 
when kept, and recrystallisation of the combined solids from aqueous ethanol gave p-carboxy- 
maleanilic acid in prisms (2-6 g., 63%), m. p. 211—212° (La Parola !* records m. p. 211—212°). 
A similar yield was obtained when dioxan was used as the solvent instead of acetone. When 
the reactants were brought together.in acetic acid at 100° p-acetamidobenzoic acid (1-3 g., 55%), 
m. p. and mixed m. p. 254—255°, separated from the cold solution {28 c.c.) (Found: C, 60-7; 
H, 5-25; N, 8-:1%; M, by titration, 182. Calc. for CJH,O,N: C, 60-3° H, 5-0; N, 7-8%; 
M, 179). When cold solutions of the reactants in acetic acid were mixed p-acetamidobenzoic 
acid and a small amount of p-carboxymaleanilic acid, m. p. and mixed m. p. 211—212°, were 
obtained (Found: M, by titration, 237. Calc. forC,,H,O;N : M, 235). 

Attempts to effect ring closure !® to the maleimide-acid by heating the acid with thionyl 
chloride for 3 hr., or with phosphorus trichloride in o-dichlorobenzene for 2 hr., led to ill-defined 
amorphous substances. 

Maleanilic acid. The acid was prepared according to Anschiitz,1* and crystallised from 
ethanol in yellow prisms (16 g., 85%), m. p. 187—188° (lit.,1® m. p. 187—187-5°; Auwers and 
Schleicher *5 record m. p. 198°). It failed to yield N-phenylmaleimide when treated separately 
and under a variety of conditions !®!* with acetic anhydride, acetyl chloride, and thionyl 
chloride (in benzene and in o-dichlorobenzene), and was recovered after being heated at 180— 
190°/12 mm. for 2hr. Acetanilide (1 g., 47%) was isolated after maleanilic acid (3 g.) had been 
boiled with acetic anhydride (6-5 c.c.) for 1 hr., and an unidentified white, crystalline substance 
(2 g.), m. p. 270°, was obtained when acetyl chloride was used instead of acetic anhydride. 

Anthracene-9 : 10-endo-af-succinimidoacetic Acid and -succinic Anhydride.—A solution of 
maleylglycine (2 g.) and anthracene (6 g.) in glacial acetic acid (50 c.c.) was boiled for 3 hr. before 
evaporation of the solvent under reduced pressure and extraction of the residue with aqueous 
sodium hydrogen carbonate. Acidification of the extract precipitated anthracene-9 : 10- 
endo-a8-succinimidoacetic acid, which crystallised from ethyl acetate in prisms (0-4 g., 10%), 
m. p. 271—272° (lit.,22 m. p. 270—271°) (Found: C, 71-8; H, 4-9; N, 4-2. Calc. for C,9H,,;0,N : 
C, 72-1; H, 4:6; N, 4:2%). The residue insoluble in aqueous sodium hydrogen carbonate 
consisted of anthracene-9 : 10-endo-x8-succinic anhydride ** 3? which, after extraction with 
aqueous potassium hydroxide (45%) and acidification, crystallised from ethyl acetate in large 
prisms (1-5 g., 47%), m. p. and mixed m. p. 263—264°. When the reactants were boiled for 
48 hr. before evaporation to dryness, separation of the products in the manner described above 
gave anthracene-9 : 10-endo-x8-succinimidoacetic acid and anthracene-9 : 10-endo-a8-trans- 
succinic acid *? dihydrate, m. p. and mixed m. p. 240—241° (Found: C, 65-0; H, 5-3. Calc. 


35 Auwers and Schleicher, Annalen, 1899, 309, 347. 
36 Diels and Alder, ibid., 1931, 486, 191. 
37 Bachmann and Scott, J. Amer. Chem. Soc., 1948, 70, 1458 
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for C,,H,,0,,2H,O: C, 65-4; H, 55%). The monomethyl ester monohydrate, m. p. 187—188° 
was obtained by esterification of the acid with ethereal diazomethane (Found : C, 69-7; H, 5-4. 
C,9H,,0,,H,O requires C, 69-9; H, 5-5%). 
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167. Syntheses from Phthalimido-acids. Part VIII.* Synthesis 
of Glutathione by a New Route to Cysteinyl-peptides. 
By F. E. Kine, J. W. CLark-Lewis, and Roy WADE. 

L-4-N-Methoxycarbonylmethylcarbamoyl-2 : 2 - dimethylthiazolidine, 
which has been prepared from L-cysteine hydrochloride by way of L-2: 2- 
dimethylthiazolidine-4-carboxylic acid, reacts with phthalyl-L-glutamic 
anhydride to give the y-derivative (phthalylisopropylideneglutathione mono- 
methyl ester) in 40% yield from cysteine. Glutathione (12% yield as copper 
derivative) was obtained from the protected tripeptide by removal of the 
phthalyl, methyl, and isopropylidene groups. 


GLUTATHIONE (I) was shown by Harington and Mead! to be y-L-glutamyl-L-cysteinyl- 
glycine by synthesis of the tripeptide after it had been isolated and investigated by others, 
notably by Hopkins? and by Kendall, MacKenzie, and Mason.? The biological function 
and chemistry of glutathione, which is an important constituent of all living cells, was the 
subject of a recent symposium.* Synthesis + &8 of glutathione is accomplished only with 
difficulty and in low over-all yield so that the peptide is usually prepared from natural 
sources, ¢.g., yeast.2% On the other hand, the synthetical methods are of potential value 
to the study of analogues of glutathione, among them the penicillamine derivative, y-L- 
glutamyl-p-penicillaminylglycine, which is of considerable interest in regard to a proposed 
mechanism ® for the antibiotic action of the penicillins. 

In the syntheses so far described, benzyloxycarbonylglutamic acid is generally used, 
and special procedures are necessary in order to ensure coupling of the y-carbonyl group 
with the cysteinylglycine fragment, which in all but the method of Harington and Mead 
contains the grouping ~S*CH,Ph and must therefore be debenzylated with sodium and 
liquid ammonia in the final stage.t We have now investigated the application to this 
problem of phthalyl-t-glutamic anhydride which in its reactions with amines directly 
affords y-derivatives.1° When seeking to modify the existing methods in this respect it 
seemed desirable also to avoid the use of S-benzyl ethers, and an entirely new synthesis of 
cysteinyl-peptides has thus been devised which is exemplified as follows by glutathione. 

First, L-2 : 2-dimethylthiazolidine-4-carboxylic acid hydrochloride ™ (II) was prepared 

* Part VII, preceding paper. 

+t After this paper had been written, a synthesis of glutathione (6% yield on L-cysteine) using 


tritylated intermediates was reported by Amiard, Heymés, and Velluz (Bull. Soc. chim. France, 1956, 
698). 

Harington and Mead, Biochem. J., 1935, 29, 1602. 

Hopkins, ibid., 1921, 15, 286; J. Biol. Chem., 1929, 84, 269. 

Kendall, MacKenzie, and Mason, ibid., p. 657. 

“Glutathione. Proceedings of the Symposium held at Ridgefield, Connecticut,’’ Academic 
Press, New York, 1954. 

du Vigneaud and Miller, (a) J. Biol. Chem., 1936, 116, 469; (b) Biochemical Preparations, 1952, 
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2, 74 
® Hegediis, Helv. Chim. Acta, 1948, 31, 737. 
Rudinger and Sorm, Coll. Czech. Chem. Comm., 1951, 16, 214. 
Goldschmidt and Jutz, Chem. Ber., 1953, 86, 1116. 
Fischer, Science, 1947, 106, 146. 
© King and Kidd, /J., 1949, 3315, and later papers in this series. 
11 Micheel and Emde, Ber., 1939, 72, 1724; cf. Woodward and Schroeder, 7]. Amer. Chem. Soc., 
1937, 59, 1690. 
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from L-cysteine hydrochloride and acetone, and the free base formylated with formic—acetic 
anhydride to give 3-formyl-L-2 : 2-dimethylthiazolidine-4-carboxylic acid. This product 
(III) was converted into mixed anhydrides with n- and tso-butyl chloroformate, and although 
they failed to react in the desired manner with an aqueous solution of glycine sodium salt, 
both gave satisfactory yields of 3-formyl-L-4-N-methoxycarbonylmethylcarbamoy]l-2 : 2- 
dimethylthiazolidine (IV) with glycine methyl ester. When ethyl chloroformate was used 
instead of the butyl chloroformates a much lower yield of the ester (IV) was obtained. A 
similar preparation of the ester (IV) was described in an abstract by Sheehan and 
Armstrong #” while this work was in progress. 

Deformylation of the thiazolidine ester (IV) with methanolic hydrogen chloride (l— 
5%) gave an almost quantitative yield of L-4-N-methoxycarbonylmethylcarbamoyl-2 : 2- 
dimethylthiazolidine hydrochloride (V), which with triethylamine and phthalyl-L-glutamic 
anhydride gave the fully protected tripeptide (VI) in 40% yield from L-cysteine hydro- 
chloride. The first four intermediates crystallised readily but the fully protected 
glutathione (V1) separated as a viscous oil from various solvents, although the amorphous 
S-benzylthiuronium salt gave satisfactory analytical results for nitrogen and sulphur. 
The procedure outlined above for the preparation of the glutathione derivative (VI) was 
found to give reproducible and satisfactory results, and other coupling procedures were 
unsuccessful. Attempts !* to prepare an acid chloride from the formylthiazolidine- 
carboxylic acid (III) with phosphorus chlorides or with thionyl chloride under 
various conditions invariably led to extensive decomposition, and similar results with 
5 : 5-dimethyl-3-phenylacetylthiazolidine-4-carboxylic acid are recorded by Siis and 
Rosenberger.** Coupling of the L-formyl acid (III) with glycine ester by the phosphorus 
trichloride procedure developed by Siis and Hoffmann ) gave an optically inactive product, 
and the anilide of the acid (III) prepared in a similar manner had an optical purity of 
64% .18 


HS-CH,CH-CO-NH-CH,CO;H HE —THCOM H,C-——CH-CO,H 
NHCO-CHYCHyH-COWM S  NH,HCI S _N:CHO 
(I) Glutathione NH, CMe, (II) ‘CMe, (II) 
H,cC— FHCONH-CHyCOMe H,C-——CH-CO-NH-CH,"CO,Me 
| 
S  N-CHO S _NH,HCI 
\ Fd 5 
CMe, (IV) CMe, (V) 
H,C-——CH-CO-NH:CH,-CO,Me HG “FHICONH-CH,CO,Me 
S  N-CO-CH,-CH,*CH-N(CO)C,H,-0 S$ N*CO-CH,:CH,"CH-CO,H 
(VI) CMe, CO,H CMe, NH, (VII) 


Removal of the protecting groups from the glutathione derivative (VI) was accom- 
plished by hydrazine, followed by alkaline hydrolysis of the resulting ester (VII). 
Preliminary experiments had shown that acid hydrolysis of the ester (VI) by the method 
of Sheehan, Chapman, and Roth 2 caused preferential hydrolysis of the y-glutamyl amide 
link and that simultaneous treatment with hydrazine and alkali effected only partial 
dephthalylation while causing hydrolysis to five ninhydrin-positive substances. Removal 
of the phthalyl group was quantitative when the compound (VI) was heated for 2 hr. 
with ethanolic hydrazine, and led to the isopropylideneglutathione monomethy] ester (VIT) 

12 


Sheehan and Armstrong, 122nd Meeting Amer. Chem. Soc., 1952, Abs. no. 23, p. 15M. 
13 


See succeeding paper. 

M4 Siis and Rosenberger, Annalen, 1949, 564, 54. 

15 Siis and Hoffmann, ibid., 1951, 572, 96. 

16 Sheehan, Chapman, and Roth, J. Amer. Chem. Soc., 1952, 74, 3822. 
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which was proved homogeneous by paper chromatography. It did not respond to tests 
for the thiol group, and a mercury derivative was obtained only by destruction of the 
thiazolidine ring. The ester (VII) was readily soluble in water and in ethanol and, as it 
did not crystallise, it was not isolated in subsequent work. The mixture of phthalhydrazide 
and isopropylidene methyl ester (VII) resulting from dephthalylation and evaporation of 
the ethanol was therefore treated with saturated barium hydroxide solution, and when 
hydrolysis of the ester group was complete (2 hr.) the solution was acidified with sulphuric 
acid and thiol compounds were isolated from the filtrate as mercury derivatives (70%). 
Glutathione was then isolated as described by du Vigneaud and Miller,5 and its copper 
derivative obtained in 5% yield from L-cysteine hydrochloride. Glutathione was 
regenerated ® from the copper derivative and obtained, by freeze-drying the aqueous 
solution, as an amorphous solid with [a|?} —20-3° (2% in H,O). The product was 
chromatographically homogeneous and behaved on paper chromatograms in the same way 
as authentic glutathione. Crystallisation of the amorphous material from aqueous ethanol 
gave a limited quantity of crystalline glutathione, m. p. 191—192° (decomp.), and the 
remainder suffered oxidation in solution. The material recovered by precipitation with 
alcohol had [a]? —38°, which corresponds to a mixture of glutathione with its disulphide 
(20%), and was shown to consist of the y-glutamyl derivatives by determination of 
carboxyl nitrogen.!? 

Yields and specific rotations of glutathione obtained by synthesis are shown in the 
Table. Du Vigneaud and Miller® improved Harington and Mead’s synthesis! by 


Yield of Yield in 
Specific glutathione debenzylation 
rotation (over-all %) stage (%) 
I AE TNO? ridciicvioriicccemncetingarsieevis ali? —21 1-7 -- 
ie NE NE avncensecncictecscsnsnvewcenesis a]7? —21-3 8—10 27 
Oe UN MONEE I 9 icccccctncinceiovncaccsnasecsines a]} —21-3 10—13 40 
BN ktiadatiesncteitodenncsienstinedasdiesageeseasanasons [alp —164 1:5 below 1-5 23 
NE 6s cccinncsnncdunieedanbarsnncnbwoithion Not recorded 3-3 14 
CORESCROEEE OR FUE ® caccscccsecscicccvsdnccssescéscccces a|l? —17-4 12—13 27 
Amiard, Heymés, and Velluz (see footnote, p. 880) [«]}/ —21-3 6 = 
PORTE CHENIER scsi scsi cscansenreicavonsesastiscenes al}! —20-3° 4 _— 


protection of the thiol group as the S-benzyl derivative, and syntheses described by later 
investigators differ only in the methods for preparing the final intermediate, benzyloxy- 
carbonyl-S-benzylglutathione (cf., however, footnote, p. 880). Debenzylation of this 
intermediate by sodium-liquid ammonia reduction was achieved in various yields (Table) 
by the different authors, and it is not clear whether this is due to variations in technique or 
in the quality of the benzyloxycarbonyl-S-benzylglutathione obtained by the four methods, 
as the recorded properties *® of this amorphous intermediate differ considerably. The 
lower rotation recorded by Goldschmidt and Jutz may originate from the phosphorus 
trichloride coupling procedure which was used, as we have found }* that in a different 
solvent (benzene or dioxan instead of pyridine) the method causes racemisation of our 
intermediates. The new synthesis with thiazolidine intermediates gave glutathione with 
a satisfactorily high specific rotation and in a yield comparing favourably with four of the 
alternative methods, and it is probable that the yield could be increased, ¢.g., by experi- 
ments to determine the optimum conditions for the preferential hydrolysis of the ester 
group in (VII). Hydrolysis of cysteine peptides with alkali is undesirable (cf. Hopkins,” 
1929) but necessary with the synthesis in its present form, and is mainly responsible for the 
disappointingly low yield of glutathione from the ester (VII), which can be quickly and 
easily prepared in ca. 40° over-all yield from L-cysteine hydrochloride. It was not found 
possible to obviate the alkaline hydrolysis by keeping the glycine-carboxyl group free. 
Acetone was initially chosen to protect the thiol group of L-cysteine because of the ease of 


17 Van Slyke, MacFadyen, and Hamilton, J]. Biol. Chem., 1941, 141, 671. 
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fission of 2 : 2-dimethylthiazolidines 1* to amino-thiols, but it is clear that other aldehydes 
and ketones could be used in the same way, and we now consider that the greater stability 
of 2-phenylthiazolidines may prove an advantage for the preparation of glutathione and 
other cysteinyl-peptides by this method. 


EXPERIMENTAL 

L-2 : 2-Dimethylthiazolidine-4-carboxylic Acid Hydrochloride (11).—A suspension of powdered 
L-cysteine hydrochloride (5 g.) in acetone (350 c.c.) was boiled for 30 min., whereupon the 
amino-acid dissolved and large plates of the thiazolidine hydrochloride separated from the 
hot acetone. The cold suspension was filtered from the product (6 g., 95%), m. p. 164—165° 
raised to 168—170° (decomp.) by recrystallisation from acetone (lit.,14 m. p. 165—168°). On 
a larger scale (20 g. of L-cysteine hydrochloride) the yield of thiazolidine was 80%. 

L-3-Formyl-2 : 2-dimethylthiazolidine-4-carboxylic Acid (II1).—Acetic anhydride (84 c.c.) 
was added to a suspension of anhydrous sodium formate (13 g.) and L-2 : 2-dimethylthiazolidine- 
4-carboxylic acid hydrochloride (37-4 g.) in formic acid (90%; 175 c.c.) during 1 hr. while the 
mixture was kept below 20°. Next day the crystalline product (27 g., 76%), prisms, m. p. 225° 
(decomp.), was collected and the filtrate, after evaporation under reduced pressure (bath-temp. 
40°) and dilution with water, gave further L-3-formyl-2 : 2-dimethylthiazolidine-4-carboxylic acid 
(total 32-5 g., 90%), m. p. 225° (decomp.), [a]?! —181° (2-4% in 0-333n-Na,CO,) (Found: C, 
44-2; H,5:7; N, 7-0. C,H,,O,NS requires C, 44-4; H, 5-8; N,7-4%). The formyl compound 
crystallised in plates from water, and gave an anilide,!* m. p. 189—190°. 

L-3-Formyl-4-N-methoxycarbonylmethylcarbamoyl-2 : 2-dimethylthiazolidine (IV).—The above 
formylthiazolidine (31-6 g.) and triethylamine (23-3 c.c., 1 equiv.) were dissolved in dried 
(CaCl,) chloroform (800 c.c.) and cooled to 5°. isoButyl chloroformate (21-8 c.c., 1 equiv.) was 
added dropwise during ca. 10 min. to the solution which was kept between 0° and 5°. A mixture 
of glycine methyl] ester hydrochloride (21 g., 1 equiv.), triethylamine (23-3 c.c., 1 equiv.), and 
dry chloroform (ca. 200 c.c.) was cooled to 0° and added in portions during ca. 5 min. to the 
stirred and cooled mixed anhydride solution; carbon dioxide was evolved and the temperature 
rose to 9°. Next day the chloroform solution was washed with water, aqueous sodium hydrogen 
carbonate, and water, and the chloroform was removed by evaporation under reduced pressure 
(bath-temp. 30°). The residue was dissolved in ethyl acetate and after the solution had been 
diluted with light petroleum (b. p. 60—80°) L-3-formyl-4-N-methoxycarbonylmethylcarbamoyl- 
2 : 2-dimethylthiazolidine (29 g., 67%) crystallised in prisms, m. p. 108—109°, [a]? —161-2° 
(1-5% in CHCl,) (Found: C, 46-1; H, 5-8; N, 10-5. C,9H,,0,N,S requires C, 46-1; H, 6-2; 
N, 10-8%). Ina similar experiment the formylthiazolidine (32 g.) was converted with n-butyl 
chloroformate into the mixed anhydride which gave the above methy] ester (29-8 g., 66%). On 
a smaller scale (1-9 g. of formylthiazolidine) the yields were 70% with isobutyl chloroformate 
and 30% with ethyl chloroformate. L-3-Formyl-2 : 2-dimethylthiazolidine-4-carboxylic acid 
was recovered after the addition of an aqueous solution of the sodium salt of glycine to the above 
mixed anhydride solution. 

4-N-Methoxycarbonylmethylcarbamoyl-L-2 : 2-dimethylthiazolidine Hydrochloride (V).—A solu- 
tion of the foregoing formyl compound (IV) (29-2 g.) in dried (Mg) methanol (750 c.c.) containing 
hydrogen chloride (1-5%) was heated to boiling during 5 min., boiled for 5 min., then cooled and 
evaporated to small volume under reduced pressure (bath-temp. 30°). The residue was 
dissolved in a small volume of dried (Mg) methanol, and the solution was diluted with 
dry ether to 500 c.c. 4-N-Methoxycarbonylmethylcarbamoyl-L-2 : 2-dimethylthiazolidine hydro- 
chloride (30-2 g., ca. 100%) separated in needles, m. p. 128° (decomp.), which were collected, 
washed with ether, and dried in a vacuum-desiccator over sulphuric acid; it had [x]? —45-8° 
(2.4% in MeOH) (Found: C, 40-8; H, 6-4; N, 10-2. C,H,,0,N,S,HCl requires C, 40-3; H, 
6-3; N, 10-4%). Repetition of the methanolysis gave the hydrochloride (32 g., 89%) from the 
formyl compound (35 g.). 

L-4-N-Methoxycarbonylmethylcarbamoyl-2 : 2-dimethyl-3-phthalyl-y-L-glutamylthiazolidine (V1). 
—The foregoing thiazolidine hydrochloride (30-2 g.) was dissolved in dried (CaCl,) chloroform 
(200 c.c.) and cooled to 0° before the addition of triethylamine (15-6 c.c., 1 equiv.) and phthalyl- 


L-glutamic anhydride ? 1* (32 g., 1-1 equiv.), [x]}’ —43° (3% in dioxan). Next day the solution 


18 Cook and Heilbron, ‘‘ Chemistry of Penicillin,” Princeton Univ. Press, 1949, Chapter 25. 
1® Clark-Lewis and Fruton, J. Biol. Chem., 1954, 207, 477. 
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was filtered from a small amount of unchanged anhydride and the filtrate was washed with 
2n-hydrochloric acid and with water, and then extracted with satu:ated aqueous sodium 
hydrogen carbonate. The extract was cooled to 0° and acidified with 12N-hydrochloric acid, 
the precipitated y-glutamy] derivative was extracted into ethyl acetate, and the ethyl acetate 
solution was washed with water and dried (Na,SO,). Evaporation of the ethyl acetate under 
reduced pressure (bath-temp. 30°) left a viscous residue (41 g., 74%) of L-4-N-methoxy- 
carbonylmethylcarbamoyl-2 : 2-dimethyl-3-phthalyl-y-L-glutamylthiazolidine, which did not 
crystallise and gave an amorphous S-benzylthiuronium salt (Found: N, 10-6; 5S, 9-4. 
C,.H,,0,N35,C,H, N.S requires N, 10-7; S, 9-7%). 

A solution of the tripeptide derivative (2 g.) in acetone (25 c.c.) and 4N-hydrochloric acid 
(25 c.c.) was boiled for 30 min. Evaporation of the solution under reduced pressure to 10 c.c. 
caused the separation of an oil which solidified after trituration. Crystallisation of the solid 
from water gave phthalyl-L-glutamic acid !° in prisms, m. p. and mixed m. p. 158—159°. 

Removal of the Protecting Groups from (V1) and Isolation of Glutathione (1).—(a) Removal of the 
phthalyl group. (i) The above tripeptide derivative (41 g.) was heated with ethanol (400 c.c.) 
and aqueous hydrazine hydrate (90%, 10 c.c., 2-2 equiv.) on a steam-bath for 2 hr. and then 
evaporated to dryness under reduced pressure. The solid residue (A), which was treated as 
described below under (b), contained phthalhydrazide (14-3 g., ca. 100%) and 3-y-L-glutamyl-L- 
4-N-methoxycarbonylmethylcarbamoy]-2 : 2-dimethylthiazolidine which did not respond to 
thiol tests with ferric chloride and sodium nitroprusside, and moved as a single ninhydrin 
positive component with Ry 0-21 in butanol-acetic acid—water (4: 1:5) and Ry ca. 1-0 in 
phenol-water. The procedure for removal of the phthalyl group gave satisfactory and 
reproducible results and removal was shown to be complete under the conditions described by a 
parallel experiment in which the phthalyltripeptide derivative (10-4 g.) yielded phthalhydrazide 
(3-4 g., 100%) after acidification with 2N-sulphuric acid. 

(ii) A solution of the phthalyltripeptide (31-2 g.) was treated with hydrazine as described 
in (i) above and the ethanol solution (300 c.c.) was kept for 14 hr. before filtration from a solid 
(12-5 g.), apparently a mixture of phthalhydrazide with the phthalhydrazide salt of 3-y-1- 
glutamyl-L-4-N-methoxycarbonylmethylcarbamoyl-2 : 2-dimethylthiazolidine. The solid (12-5 
g.) was suspended in water (40 c.c.) and acidified with N-sulphuric acid, and the filtrate from 
phthalhydrazide (6 g.) was treated with mercuric sulphate reagent *»* 5 which precipitated the 
mercury derivative of glutathione monomethyl ester (7-8 g.) (Found: OMe, 3-1; N, 5-2; Hg, 
48-0. C,,H,,0,N,SHg,HgSO, requires OMe, 3-7; N, 5-0; Hg, 48-1%). Evaporation of the 
ethanol filtrate from the solid (12-5 g.) and treatment of the residue with mercuric sulphate 
reagent after removal of phthalhydrazide gave further quantities of the mercury derivative 
(total 30-9 g., 59%). 

(iii) A solution of the phthalyltripeptide (2-4 g.) in dioxan (15 c.c.) was treated with 0-5N- 
sodium hydroxide (20 c.c., 2 equiv.) as described for the hydrolysis of other glutathione 
esters, 58 and after 1 hr. at room temperature 40% aqueous hydrazine hydrate (0-63 c.c.) 
was added and the mixture was set aside for 3 days. The solution was acidified with 2N-hydro- 
chloric acid and evaporated to 15 c.c. under reduced pressure (bath-temp. below 40°) and 
filtered from phthalhydrazide (0-4 g., 50%) before continuing the evaporation, to obtain a 
viscous residue. The residue was treated with silver carbonate before development on a paper 
chromatogram with butanol-acetic acid—water (4:1:5). The chromatogram was sprayed 
with ninhydrin and showed spots corresponding to glycine (Ry 0-12), glutamic acid (Ry 0-18), 
and three other spots with PR, between 0-5 and 0-9 attributed to peptide fragments. 

(b) Alkaline hydrolysis of the methyl ester and isolation of the mercury and copper derivatives of 
glutathione. The material (A) obtained from the phthalyltripeptide derivative (41 g.) as 
described in (a) (i) was treated with saturated aqueous barium hydroxide (500 c.c.), and the 
solution (pH 10-5) was kept at room temperature for 2 hr. before acidification to pH 2-0 with 
10n-sulphuric acid (with cooling) and filtered from phthalhydrazide and barium sulphate. The 
filtrate, which gave a positive reaction for thiols, was treated with an equal volume of N-sulphuric 
acid, mercuric sulphate reagent *»* ® was added until no further precipitation occurred, and the 
mercury derivative of glutathione (48 g., 70% calculated from the HgS obtained later) was 
collected and washed at the centrifuge with water (Found: N, 5-3; Hg, 49-0. Calc. for 
Cy 9H,,0O,N,5Hg,HgSO,: N, 5-1; Hg, 48-9%). The mercury derivative was suspended in 
water (200 c.c.), and mercury was removed as the sulphide (27-3 g.) by passing hydrogen sulphide 
under slight positive pressure for 2 hr. through the mechanically shaken suspension. The 
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supernatant liquid was separated and the sulphide was washed at the centrifuge three times 
with water (50 c.c.). Hydrogen was passed through the combined aqueous solution (350 c.c.) 
until the issuing gas was free from hydrogen sulphide and the solution was then adjusted to 
contain 0-5n-sulphuric acid by the addition of 2N-sulphuric acid. A suspension of freshly 
prepared cuprous oxide ® was then added dropwise to the solution at 40—50° until precipitation 
appeared to be complete and the copper derivative of glutathione [3-4 g., 11% calculated with 
reference to the phthalyltripeptide (41 g.)], which had a characteristic sheen, 5 was collected 
and washed at the centrifuge with water (10 times) until free from sulphate ions. The super- 
natant liquid remaining after removal of the copper derivative gave with the mercuric sulphate 
reagent a precipitate of the mercury derivative (15-2 g.) of an unidentified substance which, 
after treatment with hydrogen sulphide, hydrogen, and cuprous oxide as already described, 
gave a further yield of the copper derivative (0-5 g., total 3-9 g., 12-5%). The unidentified 
thiol is probably L-cysteinylglycine, and it was isolated again as the mercury derivative (13-7 g., 
90% recovery) by precipitation with the mercuric sulphate reagent. 

(c) Isolation of glutathione. A suspension of the copper derivative (3-4 g.), obtained as 
described in (b), was suspended in water (60 c.c.), and hydrogen sulphide under slight positive 
pressure was passed through the mechanically shaken suspension for 2 hr. The supernatant 
liquid was separated and the copper sulphide was washed with three quantities of water (20 c.c.) 
at the centrifuge. The combined aqueous solutions (120 c.c.) were freeze-dried in a conventional 
apparatus (3 flasks). Glutathione (2-2 g., 78% from the copper derivative) remained as a 
bulky, white, amorphous solid, decomp. 145—150° with evolution of gas, [«]?' —20-3° (2% in 
H,O) (Found: N, 13-5. Calc. for CygH,,0,N,5: N, 13-7%). The behaviour of the synthetic 
glutathione on paper chromatograms developed with phenol—water (4:1) was identical with 
that of a commercial (B.D.H.) sample of glutathione. The chromatogram showed a main 
ninhydrin-positive spot corresponding to glutathione (Ry 0-45) with a faint spot corresponding 
to glutathione disulphide (fy 0-095) in both samples, and amino-acids run for comparison were 
absent, viz., glycine (Ry 0-38), glufamic acid (Rp 0-27), and L-cysteine (Rp 0-81 and Ry 0-27). 
Crystallisation of the amorphous glutathione (1 g.) from aqueous ethanol 5 gave a small quantity 
of small prisms, m. p. 190—191° (decomp., gas) alone and when mixed with authentic 
glutathione, m. p. 192° (decomp.). Material which failed to crystallise from aqueous ethanol 
after storage at 0° for several weeks was recovered by evaporating the solution over phosphoric 
oxide in a desiccator filled with hydrogen. The syrupy residue was treated with ethanol, and 
the amorphous, white solid was collected; it decomposed at ca. 130° with evolution of gas. 
Partial oxidation had occurred in solution as the material was found to be a mixture of 
glutathione (80%) and glutathione disulphide (20%), the mixture having [«]?? —38-2° (1-1% 
in H,O) (Found: N, 13-3. Calc. for C,,H,;O,N,S and C,,H3,0,.N,5,: N, 13-7%). Glutamic 
acid was shown to be combined through the y-carboxyl group by determination of carboxyl 
nitrogen 17 with samples (0-011 g.) dissolved in water (2 c.c.) containing citrate buffer (pH, 2-5; 
0-1 g.) and ninhydrin (0-1 g.) (Found: Carboxyl N, 4-54, 4:55. Calc. for C,gH,;O,N,S and 
Coy9H 320 ,2N 652: carboxyl N, 4-56%). 
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168. Syntheses from Phthalimido-acids. Part IX.* Model Compounds 
for a Synthesis of Glutathione, and Phthalyl-L-glutamic Anhydride as 
a Source of «-Glutamylpeptides. 

By F. E. Kine, J. W. CLark-Lewis, and Roy WADE. 

Some exploratory experiments which led to the synthesis of glutathione 
recorded in the preceding paper are described. The phosphorus trichloride 
coupling procedure introduced by Siis caused racemisation when applied to 
the 3-formyl-2 : 2-dimethylthiazolidine derived from L-cysteine. N-Phthalyl- 
and other N-acyl-L-cysteine derivatives are found to be too labile for prefer- 
ential hydrolysis of ester groups under the acid conditions which have been 
used successfully in other cases for preparation of phthalylpeptides from 
their esters. y-Benzyl and y-methyl hydrogen phthalyl-t-glutamate are 
prepared, and are shown to be useful intermediates in the synthesis of «-L- 
glutamyl-amide and -peptide derivatives. 


PHTHALYL-L-GLUTAMIC ANHYDRIDE has been used extensively for preparation of y-L- 
glutamyl peptides since its introduction by King and Kidd, and their demonStration that 
the anhydride reacts with bases to give phthalyl-y-L-glutamyl derivatives directly by 
preferential fission of the y-carbonyl-to-oxygen bond. Alcohols react similarly, and 
phthalyl-z-L-glutamyl peptides may be obtained from the y-esters by coupling the free 
a-carboxyl group by either the mixed anhydride or the acid chloride coupling procedure. 
Phthalyl-L-glutamic acid is easily converted into the anhydride, and has usually been 
prepared by acid hydrolysis of diethyl phthalyl-t-glutamate as originally described,} 
except that better results are obtained when the hydrolysis time is reduced to 75 minutes.*: 8 
Phthalyl-L-glutamic anhydride may also be obtained in similar over-all yield by a modific- 
ation of the fusion technique described by Sheehan and Bolhofer* (see Experimental 
section). Measurements of the optical rotation of phthalyl-L-glutamic acid dissolved in 
aqueous sodium carbonate ! are unreliable because the initial rotation depends upon the 
concentrations of sodium carbonate and of acid. Moreover the observed rotation gradually 
falls owing to hydrolysis of phthalylglutamic acid and, if sufficient sodium carbonate is 
present, finally attains a positive value corresponding to that of an equivalent solution 
of L-glutamic acid (complete hydrolysis). Dioxan is therefore preferred as a solvent for 
polarimetry of phthalyl-t-glutamic acid. 

Soon after the discovery that phthalyl-L-glutamic anhydride (I) provides a convenient 
route to y-glutamyl derivatives experiments were commenced on the incorporation of this 
feature into a synthesis of glutathione (II), the most important y-glutamyl peptide. Early 
experiments (1949) centred on the preparation of S-benzyl-L-cysteinylglycine (III) for 
conversion into glutathione by reaction with phthalylglutamic anhydride and removal of 
the protecting phthalyl and benzyl groups. S-Benzyl-N-phthalyl-L-cysteine (IV) was 
obtained in 33% yield by fusion of S-benzyl-L-cysteine and phthalic anhydride at 110— 
115°, and was shown to be optically pure by removal of the phthalyl group, to afford 
S-benzyl-L-cysteine. Reaction at 135—140° gave a higher yield (70%) of an optically 
impure product containing 45—55°, of the racemic compound, and reaction in acetic 
acid ® gave a product of even lower optical purity (85° racemic compound). Balenovié 
and FleS ® have since described the preparation of this compound with specific rotation 
—§82-3°, later 7 amended to —151° without comment, although the authors have informed 


* Part VIII, preceding paper. 


' King and Kidd, J., 1949, 3315; Nature, 1948, 162, 776. 

* D. A. A. Kidd, Thesis, Oxford, 1949. 

* Clark-Lewis and Fruton, J. Biol. Chem., 1954, 207, 477. 

* Sheehan and Bolhofer, J. Amer. Chem. Soc., 1950, 72, 2470. 
>» Wanag and Veinbergs, Ber., 1942, 75, 1558. 

® Balenovi¢ and Fles, J. Org. Chem., 1952, 17, 347. 

? Idem, J., 1952, 2447. 
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us that the optically pure material was obtained by fusion of the reactants at the lower 
temperature. S-Benzyl-N-phthalylcysteine was converted by acid chloride and mixed 
anhydride couplings into S-benzyl-N-phthalylcysteinylglycine which was converted into 
S-benzylcysteinylglycine (III) (accompanied by the corresponding dioxopiperazine) during 
model experiments conducted with optically impure S-benzyl-N-phthalylcysteine. These 
experiments showed that this route to S-benzyl-L-cysteinylglycine (III) is inferior to that 
described by Loring and du Vigneaud § and were not therefore repeated with optically 
pure S-benzyl-N-phthalyl-t-cysteine (IV). Difficulties encountered in the preparation 
of the latter, and the poor yields obtained by previous workers in debenzylation of 
N-benzyloxycarbonyl-S-benzylglutathione (see preceding paper), led us to abandon the 
use of S-benzyl intermediates in a conventional type of glutathione synthesis. 


cts 
H, ; {e) HS-CH,*CH-CO-NH-CH,°CO,H ea Se pmoaaris 
o-C,H,(CO),N-HC F NH-CO-[CH,].°-CH(NH,)-CO,H H,°S-CH,Ph 
* 4 
(1) co (II) (III) 
H,C——CH-COR H,C———-CH-CO-NH:CH,COR 
o-C,H,(CO),.N-CH-CO,H ; 
| S N-CHO S N-CHO 
CH,°S-CH,Ph ™~ a 
(1V) CMe, (V) CMe, (VI) 


The new route to glutathione’ necessitated coupling L-3-formyl-2 : 2-dimethyl- 
thiazolidine-4-carboxylic acid (V; R = OH) with glycine methyl ester, to give L-3-formyl- 
4-methoxycarbonylmethylcarbamoyl-2 : 2-dimethylthiazolidine (VI; R = OMe), and this 
was accomplished by the mixed carbonic anhydride method (with zsobutyl chloroformate) 
after attempts to prepare the acid chloride (V; R = Cl) had failed. The alternative 
phosphorus trichloride coupling procedure introduced by Siis and Hoffmann ?° caused 
racemisation of L-3-formyl]-2 : 2-dimethylthiazolidine-4-carboxylic acid (V; R = OH) and 
gave the above methyl ester (VI; RK = OMe) and the corresponding ethyl ester (VI; 
R = OEt) in racemic form. These two esters, and also benzoylglycylglycine ethyl ester, 
were obtained in 40—50% yield, but when aniline was used instead of amino-esters anilides 
were formed in yields of 90%, e.g., benzoylglycine anilide and phthalylglycine anilide, 
which have not previously been prepared in this way (see, however, Goldschmidt 
and Lautenschlager !1). 3-Formyl-2 : 2-dimethyl-4-phenylcarbamoylthiazolidine (V; R = 
NHPh) (90%), prepared from the L-acid (V; R = OH) and aniline by the phosphorus 
trichloride method, had an optical purity of 65% compared with L-anilide obtained by the 
mixed anhydride procedure. Siis and Hoffmann ?° illustrated their method with optically 
inactive acylamino-acids and our results demonstrate the need for establishing the optical 
purity of peptides derived from active amino-acids by this method. Goldschmidt and 
Jutz ™ claim that racemisation does not occur under the milder conditions which they 
have employed. 

An undesirable feature of the synthesis of glutathione from 2 : 2-dimethylthiazolidines 
described in the preceding paper is the preferential alkaline hydrolysis of the ester (VII; 
R = OMe) to the acid (VII; R = OH), and it was thought that this might be avoided 
by deamidation of the phthalyl-y-L-glutamylamide (VIII; R =NH,) with nitrous 
acid. DL- and L-4-Carbamoylmethylcarbamoyl-3-formyl-2 : 2-dimethylthiazolidine (VI; 
R = NH,) were obtained quantitatively by ammonolysis of the pL- and the L-ester 

* Loring and du Vigneaud, J. Biol. Chem., 1935, 111, 385. 

* Preceding paper. 

10 Siis and Hoffmann, Annalen, 1951, 572, 96. 


11 Goldschmidt and Jutz, Chem. Ber., 1953, 86, 1116; cf. Goldschmidt and Lautenschlager, Annalen, 
1953, 580, 68. 
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(VI; R = OMe), and the L-amide with identical specitic rotation was also obtained by 
mixed anhydride coupling of glycinamide and L-3-formyl-2 : 2-dimethylthiazolidine-4- 
carboxylic acid (V; R= OH). Deformylation of the amide (VI; R = NH,) with 


H.C CH-CO-NH:CH,-COR H.C CH-CO-NH:CH,COR 
S N-CO-CH,CH,*CH(NH,)*CO,H 5 N-CO-CH,-CH,*CH-N(CO),C,H,-0 
CMe, (VIL CMe, CO.H_—_ (VIII) 


methanolic hydrogen chloride, however, gave ammonium chloride and 4-methoxycarbonyl- 
methylcarbamoyl-2 : 2-dimethylthiazolidine hydrochloride instead of the 4-carbamoyl- 
methylearbamoyl-2 : 2-dimethylthiazolidine required for conversion into (VIII; R = NH,). 
Hydrolysis of phthalyl-y-pL-glutamylglycine methyl ester with a mixture of acetone and 
dilute hydrochloric acid * gave the corresponding acid, phthalyl-y-p1-glutamylglycine, 
but a similar hydrolysis of 1-4-methoxycarbonylmethylcarbamoyl-2 : 2-dimethyl-3- 
phthalyl-y-1-glutamylthiazolidine (VIII; R= OMe) gave phthalyl-L-glutamic acid.® 
This indication of the lability of 3-acyl derivatives of the thiazolidine nucleus received 
confirmation by the isolation of «-methyl hydrogen phthalyl-L-glutamate after similar 
hydrolysis of the analogous dimethyl ester (IX). Acid hydrolysis of glutathione itself 
gives initially glutamic acid and cysteinylglycine. 


H.C CH-CO-NH:CH,-CO,Me 
S N-CO-CH,-CH,*CH-N(CO),C,H,-0 


CMe, CO,Me (IX 
CH,-CO,Me CH,-COR 
H.C H.C 
o-C,H,(CO),N-HC o-C,H,(CO),N-HC 
x COR XI CO,Me 


a-Glutamyl-peptides can be prepared from phthalyl-L-glutamic anhydride (I) by 
reaction with alcohols and then coupling the y-esters with amino-acid derivatives by the 
acid chloride or the mixed anhydride method. Phthalyl-Lt-glutamic anhydride with 
methanol and with benzyl alcohol gave y-methyl hydrogen phthalyl-1-glutamate (X; 
R = OH) and the corresponding y-benzyl ester. The latter was converted with diazo- 
methane into y-benzyl a-methyl phthalyl-1-glutamate (XI; R = O-CH,Ph) which gave 
x-methyl hydrogen phthalyl-t-glutamate (XI; RK =OH) by hydrogenolysis. The 
isomeric monomethyl esters (X and XI; R = OH) were coupled with aniline and with 
amino-esters by the mixed anhydride methed and by the acid chloride method. The acid 
chlorides (X and XI; R = Cl) were obtained from the acids (X and XI; R = OH) by 
the action of thiony] chloride in the cold as it was found that heating during the preparation 
of the acid chlorides led to the formation of racemic products in subsequent condensations. 
Methyl hydrogen phthalyl-L-glutamates (X and XI; R = OH) with unchanged specific 
rotations were regenerated by hydrolysis of the acid chlorides which had been prepared 
in the cold. The acid chloride from y-methyl hydrogen phthalyl-1-glutamate was treated 
with glycine methyl ester, ethyl p-aminobenzoate, and aniline to yield respectively phthalyl- 
2-L-glutamylglycine dimethyl ester (X; R = NH-CH,°CO,Me), the x-p-ethoxycarbonyl- 
anilide (X; R = NH’C,H,°CO,Et-p), and the «-anilide (X; R == NHPh), and the last was 
also prepared by the mixed anhydride method. The isomeric y-anilides (XI; R = NHPh, 
and XI; R = NH-C,H,°CO,Et-f) were prepared similarly from a-methyl hydrogen 
phthalyl-L-glutamate (XI; R = OH), which was also converted by the mixed anhydride 


12 Sheehan, Chapman, and Roth, J. Amer. Chem. Soc., 1952, 74, 3822. 
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method into the dimethyl ester (IX) of 1-2: 2-dimethyl-3-phthalyl-y-L-glutamylthi- 
azolidine-4-carboxyglycine by reaction with L-4-methoxycarbonylmethylcarbamoyl-2 : 2- 
dimethylthiazolidine. Hydrolysis of the diester (IX) gave x-methyl hydrogen phthaly]- 
L-glutamate (XI; R=OH) as already mentioned. x-Benzyl hydrogen phthalyl-1- 
glutamate should prove particularly useful for the preparation of «-glutamyl-peptides as 
the ester group is removable by hydrogenolysis at room temperature. 


EXPERIMENTAL 


Phthalyl-_-glutamic Acid and Anhydride (1)—The anhydride was prepared by the method 
reported previously ! except that the time of hydrolysis was reduced to 75 minutes,” * and also 
by modification of Sheehan and Bolhofer’s method‘ of fusing equimolecular quantites of 
phthalic anhydride and 1t-glutamic acid. By carefully controlling the oil-bath temperature 
between 135° and 145° and by restricting to 3 min. the time of treatment of the product with 
acetic anhydride at 100°, phthalyl-L-glutamic anhydride (50—55%) was obtained with [« iy 
—42-1° (2% in dioxan). Specimens of low optical activity were purified by hydrolysis and 
recrystallisations of the acid from ethyl acetate—light petroleum. The more soluble fractions 
were discarded and the crystalline acid was converted with acetic anhydride at 100° in 3 min. 
into phthalyl-L-glutamic anhydride, [«)?? —43-5° (3% in dioxan). 

Hydrolysis ' of the anhydride gave phthalyl-L-glutamic acid, [«]?? —48-3° (3% in dioxan).* 
This acid had [«)?? —23-7° (0-491 g. in 15 c.c. of 0-333N-Na,CO,) (previously reported :1 [a Ip 
-27-4°, from measurements at the same concentration) which fell to an equilibrium value of 
aj} —17-7°. Similarly, another sample showed initially [x]? —18-8° (0-545 g. in 25 c.c. of 
0-602N-Na,COs), [a/}* +7-5° after 20 hr., and reached a steady value of +7-75° + 0-1° after 
36 hr. owing to complete hydrolysis. The value [«)}# +7-75° + 0-1° (calc. as phthalylglutamic 
acid) corresponds to [a]}* + 14-6°°+ 0-2° (calc. as glutamic acid), and an equivalent solution 
prepared by dissolving phthalic acid (0-1939 g.) and L-glutamic acid (0-1775 g.) in 15 c.c. of 
0-602N-sodium carbonate had [«}?** +.14-7°. 

S-Be 2g pret L-cysteine (IV).—An intimate mixture of finely powdered S-benzyl-t- 
cysteine ** (2-35 g.), [a)7? + 24-1° (1-89 in n-NaOH),!4 and phthalic anhydride (1-7 g.) was 
heated for 30 min. at 110—115° (oil-bath temp.). The solid was digested with warm benzene 
(40 c.c.), and the filtrate from insoluble material (0-5 g.) was concentrated to 10 c.c. The 
solution was stored at 0° for three days and then filtered from S-benzyl-N-phthalyl-L-cysteine 
(0-9 g.), and the filtrate when stored at 0° deposited a further crop (0-4 g., total 1-3 g., 32%), 
prisms, m. p. 128—129°, {a}? — 150-1° (1- 1% 1 in MeOH) (lit., & 7 m. p. 128—129-5°, [a], —151°). 
The S- benzylthiuronium salt melted at 15 >. A solution of S-benzyl-N-phthalyl-1- 
cysteine (1-7 g.) and 10M-hydrazine hydrate (L- -5 c.c.) in ethanol (50 c.c.) was boiled for 2 hr. 
before evaporation to dryness under reduced pressure. A suspension of the residue in 2n- 
hydrochloric acid (25 c.c.) was warmed to 50° and then kept at 0° for 4 hr. before filtration from 
phthalhydrazide, and the filtrate was concentrated to 10 c.c., and adjusted to pH 5—6 by 
addition of aqueous sodium acetate. S-Benzyl-L-cysteine separated from the solution in plates, 
m. p. 215° (decomp.), [aj]? +23-9° (1-7% in N-NaOH). Wood and du Vigneaud ™ record 

]P +23-5° (1% in n- NaOH). 

Ww hen the preparation of S-benzyl-N-phthalylcysteine was repeated with oil-bath tem- 
perature 135—140° there resulted a higher yield (2-8 g., 70%) of partly racemised material, 
m. p. 128—129°, (a)? between —67° and —85° (different samples). A mixture of S-benzyl-L- 
cysteine (15-7 g.), phthalic anhydride (11-1 g.), and glacial acetic acid ® (150 c.c.) was boiled 
until a test portion failed to react with ninhydrin (9 hr.). Water (500 c.c.) was added to the 
solution; the precipitated oil solidified when triturated and was then collected, washed with 
water, and dried in a desiccator (CaCl,). Recrystallisation from — acetate—light petroleum 





gave S-benzyl-N- phthalylcysteine (17-1 g., 68%), m. p. 128—129°, [a«]% —29-5° Cn. in dioxan), 
(aj —22-1° (2% in MeOH). A small yield (1-1 g., 30%) of nt racemised S-benzyl-N- 


phthalylcysteine, m. p. 128—129°, {a]?? — 28° (0-8% in MeOH), wasalso obtained after S-benzyl- 
L-cysteine (2-1 g.) and phthalic anhydride (1-5 g.) had been heated in toluene (40 c.c.) and 
dimethylformamide (10 c.c.) at the b. p. for 15 min. 


#8 du Vigneaud, Audrieth, and Loring, J. Amer. Chem. Soc., 1930, 52, 4500. 
#4 Wood and du Vigneaud, J. Biol. Chem., 1939, 180, 109. 
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S-Benzyl-N-phthalylcysteinylglycine.—Partly racemised S-benzyl-N-phthalylcysteine (10 g.), 
[a], —35° (optical purity ca. 25%), was converted by the acid chloride method into S-benzyl-N- 
phthalylcysteinylglycine (6-9 g., 60%), needles, m. p. 160—164° raised by recrystallisation from 
aqueous ethanol to m. p. 164—165°, which was also prepared (1-4 g., 70%) by the mixed 
anhydride method from starting material (1-7 g.) of the same specific rotation (Found: C, 60-0; 
H, 4:5; N, 6-6. C, 9H,,0,;N.S requires C, 60-3; H, 4-6; N, 7-:0%). A solution of S-benzyl- 
N-phthalylcysteinylglycine (10 g.), potassium carbonate (1-75 g.), 32-7% aqueous hydrazine 
(2-46 c.c.), and water (60 c.c.) was kept at room temperature for 3 days and then acidified with 
12n-hydrochloric acid before filtration from phthalhydrazide (3-2 g., 80%). The filtrate was 
passed through a column of Amberlite IR-4B resin, and evaporation of eluate fractions gave 
S-benzylcysteinylglycine (2 g., 30%), m. p. 200° (decomp.) (Found: C, 53-5; H, 6-0; N, 10-2. 
Calc. for C,,H,,O,N,S: C, 53-7; H, 6-0; N, 10-4%). S-Benzyl-1-cysteinylglycine * 15 has 
been reported with m. p. 166—167°, and with m. p. 163-5—164-5°, [x]}? +48-6° (in 0-5n-HC)). 
Some eluate deposited sparingly soluble 3-benzylthiomethyl-2 : 5-dioxopiperazine, m. p. 190°, 
which was also deposited in the resin (Found: C, 57-1; H, 5-2. Calc. for C,.H,,O,N,S : 
C, 57-5; H, 5-6%) (recorded for the L-isomer,?® ?* m. p. 190° and 198°). 

Benzoylglycine Anilide, Phthalylglycine Anilide, and Ethyl Benzoylglycylglycinate by the Stis 
Coupling Procedure.—(a) Benzoylglycine anilide. A suspension of benzoylglycine (3-6 g.) in a 
mixture of dry benzene (100 c.c.), aniline (2-8 c.c.), and phosphorus trichloride (1-5 c.c.) was 
boiled for 2 hr. The clear yellow solution was evaporated to dryness under reduced pressure 
and the residue was digested with aqueous sodium carbonate (15%) before collection of the 
crystalline solid, which on being washed with water and crystallised from ethanol gave benzoyl- 
glycine anilide (5 g., 95%) in prisms, m. p. 208—209° (lit.,17 m. p. 208-5°). 

(b) Phthalyiglycine anilide. Phthalylglycine (2-05 g.) was boiled for 4 hr. with a mixture 
of aniline (1-5 c.c.), phosphorus trichloride (0-8 c.c.), and dry benzene (50 c.c.), and the solvent 
was evaporated under reduced pressure. The residue was digested with saturated aqueous 
sodium hydrogen carbonate, and the insoluble solid was collected by filtration and washed with 
water. The phthalylglycine anilide !* crystallised from acetic acid in needles (2-5 g., 90%), 
m. p. 213—232°. The anilide (75%) was also prepared by the mixed anhydride method (with 
isobutyl chloroformate). 

(c) Benzoylglycylglycine ethyl ester. Freshly distilled glycine ethyl ester (3 g.), benzoyl- 
glycine (4-5 g.), phosphorus trichloride (2-5 c.c.), and dry benzene (100 c.c.) were shaken in a 
closed flask for 3 min. (the temperature of the mixture rose to 40°) and then boiled for 2 hr., 
whereupon the solution became brown and a tarry deposit was formed. The solvent was 
evaporated under reduced pressure and the dark brown residue was digested with 15% aqueous 
sodium carbonate before filtration, and the residue was washed with water. Crystallisation 
of the solid from water (charcoal) gave yellow needles, m. p. 108—112°, and recrystallisation 
(charcoal) gave benzoylglycylglycine ethyl ester (3 g., 50%) in needles, m. p. 119—120° (lit.,?° 
m. p. 119—120°). 

L-3-Formyl-2 : 2-dimethyl-4-phenylcarbamoylthiazolidine (V; R= NHPh).—(a) Mixed 
anhydride method. A solution of L-3-formyl-2 : 2-dimethylthiazolidine-4-carboxylic acid ® 
(0-95 g.) and triethylamine (0-7 c.c.) in pure dry dioxan (20 c.c.) was stirred and cooled to 10° 
(dioxan commenced to solidify) while isobutyl chloroformate (0-63 c.c.) was added. The 
suspension of triethylamine hydrochloride in the mixed anhydride solution was stirred at 10° 
for 10 min. and then during the addition of aniline (0-6 c.c.) (slow evolution of carbon dioxide). 
Next day the filtrate from triethylamine hydrochloride was evaporated to dryness. The 
gummy residue of anilide solidified when triturated, and crystallisation from ethyl acetate— 
light petroleum (b. p. 60—80°) gave L-3-formyl-2 : 2-dimethyl-4-phenylcarbamoylthiazolidine 
(1 g., 75%) in leaflets, m. p. 189—190°, [«]?? —179° (0-07% in EtOH), [«|? —280° (2% in 
CHCI,) (Found: C, 59-2; H, 6-1; N, 10-3. C,,;H,,O,N,S requires C, 59-1; H, 6-1; N, 10-6%). 

(b) Stis coupling method..° Heat was evolved when L-3-formyl-2 : 2-dimethylthiazolidine- 
4-carboxylic acid (1-5 g.) was added to a solution of aniline (1-1 c.c.) and phosphorus trichloride 
(0-9 c.c.) in dry benzene (50 c.c.). The mixture was boiled until evolution of hydrogen chloride 
ceased (3 hr.) and the residue remaining after removal of solvent by evaporation under reduced 





15 
16 


K6égl and Akkermann, Rec. Trav. chim., 1946, 65, 216. 
King and Suydam, J]. Amer. Chem. Soc., 1952, 74, 5499. 
17 Curtius, J. prakt. Chem., 1895, 52, 257. 

18 Scheiber, Ber., 1913, 46, 1100. 
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pressure was treated with 15% aqueous sodium carbonate. The brown solid collected by 
filtration was dissolved in the minimum volume of hot ethanol and, after cautious dilution of 
the solution with water, the partly racemised anilide (1-9 g., 90%) crystallised in prisms, m. p. 
187—188°, [a]? —115-5° (1-1% in EtOH) (Found: C, 59-0; H, 6-2; N, 10-4%). A solution 
of the anilide (0-5 g.), [a]? —115-5°, in dry methanol (25 c.c.) containing hydrogen chloride 
(2%) was warmed on a steam-bath for 5 min. and then evaporated to dryness under reduced 
pressure. The residue was dissolved in a little methanol, and the filtrate was diluted with dry 
ether; 2: 2-dimethyl-4-phenylcarbamoylthiazolidine hydrochloride (ca. 100%) crystallised in 
needles, m. p. 120° (decomp.) (Found: N, 10-1. C,,H,,ON,S,HCI requires N, 10-3%). The 
optical purity of the product, based on that of the formyl] derivative, was ca. 65%. 

DL-4-Ethoxycarbonylmethylcarbamoyl-3-formyl-2 : 2-dimethylthiazolidine (V1; RK = OEt).— 
Phosphorus trichloride (2-5 c.c.) was added to a solution of freshly distilled glycine ethyl ester 
(3-9 g.) in dry benzene (30 c.c.) and dioxan (30 c.c.), and the mixture was shaken for 5 min. in 
a stoppered flask (exothermic reaction and separation of gelatinous solid). 1L-3-Formyl-2 : 2- 
dimethylthiazolidine-4-carboxylic acid (5-5 g.) was added and the mixture was boiled gently 
until evolution of hydrogen chloride ceased (2 hr.; the solution became dark brown). The 
residue obtained by evaporation of the solvent under reduced pressure was triturated with 
15% aqueous sodium carbonate, and the oil which separated was extracted into ethyl acetate. 
Evaporation of the ethyl acetate solution left a brown oil which crystallised when triturated, 
and crystallisation of the solid from ethyl acetate (charcoal) gave DL-4-ethoxycarbonylmethyl- 
carbamoyl-3-formyl-2 : 2-dimethylthiazolidine (3-3 g., 40%) in prisms, m. p. 94—95° (Found : 
C, 48-5; H, 6-5; N, 9-8. C,,H,,0,N,S requires C, 48-2; H, 6-6; N, 10-2%). This material 
was optically inactive in ethanol and in chloroform. 

3-Formyl-DL-4-methoxycarbonylmethylcarbamoyl-2 : 2-dimethylthiazolidine (V1; R = OMe).— 
The methyl ester was prepared by the Siis method as described above for the ethyl ester, 
except that glycine methyl ester (5-5 g.) was used. Recrystallisation of the product from ethyl 
acetate (charcoal) afforded 3-formyl-pL-4-methoxycarbonylmethylcarbamoyl-2 : 2-dimethylthi- 
azolidine (4-3 g., 55%), m. p. 107—108° (Found: N, 10-5. C9H,.0,N.S requires N, 10-8%). 
Solutions of the compound in methanol and in chloroform showed no observable rotation. 
The L-isomer ® has [a]? —161-2° (1-5% in CHCI,). 

DL-4-Methoxycarbonylmethylcarbamoyl-2 : 2-dimethylthiazolidine Hydrochloride.—The fore- 
going methyl ester (0-5 g.) was deformylated with methanolic hydrogen chloride as described 
above for the anilide. Crystallisation of the product from a methanol solution diluted with 
several volumes of dry ether gave DL-4-methoxycarbonylmethylcarbamoyl-2 : 2-dimethylthi- 
azolidine hydrochloride (0-45 g., 90%) in deliquescent needles, m. p. 128° (decomp.) (Found : 
C, 40-4; H, 6-4. C,H,,0,;N,S,HClI requires C, 40-2; H, 6-3%). 

DL-4-Carbamoylmethylcarbamoyl -3-formyl-2 : 2-dimethylthiazolidine (V1; R = NH,).—A 
solution of pL-3-formyl-4-methoxycarbonylmethylcarbamoyl-2 : 2-dimethylthiazolidine (0-5 g.) 
in methanol (3 c.c.) was diluted with methanol (25 c.c.) previously saturated at 0° with dry 
ammonia, and stored in a closed container for three days. pL-4-Carbamoylmethylcarbamoyl-3- 
formyl-2 : 2-dimethylthiazolidine (ca. 100%) crystallised from the concentrated solution in 
prisms, m. p. 164—165° (Found: C, 44-5; H, 6-2; N, 16-8. C,H,,0,;N,S requires C, 44-1; 
H, 6-1; N, 17-1%). 

L-4-Carbamoylmethylcarbamoyl - 3 - formyl - 2 : 2- dimethylthiazolidine (VI; R = NH,).—(a) 
L-3-Formyl-4-methoxycarbonylmethylcarbamoyl-2 : 2-dimethylthiazolidine was converted into 
the amide (ca. 100%) by ammonolysis as described above for the pL-compound. 1-4-Carbamoyl- 
methylcarbamoyl-3-formyl-2 : 2-dimethylthiazolidine crystallised from methanol in prisms, m. p. 
188—189°, [a]? —95-6° (1-4% in MeOH) (Found: C, 44-5; H, 6-2; N, 168%). 

(b) L-3-Formyl-2 : 2-dimethylthiazolidine-4-carboxylic acid (1-9 g.) in dry dioxan (30 c.c.) 
at 10° was converted into the mixed anhydride with triethylamine and isobutyl chloroformate. 
The mixed anhydride solution was stirred at 10° for 10 min. and then during the addition of 
glycine amide (0-74 g.) in dimethylformamide (10 c.c.). Next day the solution was filtered from 
triethylamine hydrochloride, and evaporation of the filtrate under reduced pressure left a solid 
residue of the amide which crystallised from methanol in prisms (2-2 g., 90%), m. p. and mixed 
m. p. 188—189°, [«]?? —95-7° (2% in CHCI,). 

Deformylation of L-4-Carbamoylmethylcarbamoyl-3-formyl-2 : 2-dimethylthiazolidine (V1; R = 
NH,).—The above amide (1 g.) was heated for 5 min. on a steam-bath with methanol 
(80 c.c.) containing hydrogen chloride (2%), and the solution was then evaporated to dryness 
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under reduced pressure. The residue was dissolved in a little dry methanol, and dilution of 
the solution with an equal volume of dry ether precipitated ammonium chloride (0-14 g., 66%). 
The filtrate was further diluted with dry ether, which caused the separation of white, hygro- 
scopic needles (0-73 g.), m. p. 120° (decomp.), which were identified as L-4-methoxycarbonyl- 
methylcarbamoyl-2 : 2-dimethylthiazolidine hydrochloride by conversion with sodium formate 
(0-75 g.) and 90% formic acid (10 c.c.) in acetic anhydride (4-5 c.c.) into the 3-formyl derivative, 
prisms, m. p. 104—107° raised by recrystallisation from ethyl acetate—light petroleum 
(b. p. 60—80°) to m. p. 108—109° alone and when mixed with authentic L-3-formyl-4-methoxy- 
carbonylmethylcarbamoyl-2 : 2-dimethylthiazolidine.® 

y-Methyl Hydrogen Phthalyl-L-glutamate (X; R = OH) and its Acid Chloride (X; R = Cl).— 
Phthalyl-L-glutamic anhydride (15 g.) was boiled with methanol (200 c.c.) for 15 min. after the 
solid had dissolved, and the solution was then evaporated to dryness under reduced pressure. 
Crystallisation of the solid residue from benzene-light petroleum (b. p. 60—80°) gave y-methyl 
hydrogen phthalyl-i-glutamate (13-5 g., 80%) in prisms, m. p. 135—136° raised by several 
crystallisations from ethyl acetate-light petroleum to m. p. 136—137°, [x]? —40-5° (27% in 
CHCIl,) (Found: C, 57-9; H, 4:4; N, 4:7. C,,H,,0,N requires C, 57-7; H, 4-5; N, 4-8%). 

y-Methyl hydrogen phthalyl-L-glutamate was converted into the acid chloride by allowing 
the acid to stand with thionyl chloride (3 c.c. per g.) at room temperature for 14 hr. Thionyl 
chloride was removed by distillation under reduced pressure, and the last traces were removed 
by two similar distillations after the addition of dry benzene (bath-temp. 30° throughout). 
The acid chloride, which did not crystallise, was hydrolysed when stirred with water for 2 hr., 
and the crystalline acid was collected and dried at 100° for 15 min. Crystallisation of the solid 
from benzene-light petroleum gave y-methyl hydrogen phthalyl-t-glutamate, [a] —40-5 
(2-7% in CHCl), m. p. and mixed m. p. 136—137°. y-Methyl hydrogen phthalyl-L-glutamate 
was racemised when heated for 1 hr. with thionyl chloride as the acid chloride so formed gave 
racemic products. 

y-Methyl Phthalyl-L-glutamate «-Anilide (X; R = NHPh).—(a) Acid chloride method. The 
acid chloride prepared as described above from y-methyl hydrogen phthalyl-L-glutamate (2 g.) 
was dissolved in dry benzene (15 c.c.), the solution was added dropwise to a stirred solution of 
aniline (2 c.c.) in benzene (10 c.c.), and stirring was continued for 6 hr. The solid was collected 
and washed with water, aqueous sodium hydrogen carbonate, and water, and then drained at 
the pump. Crystallisation of the residue (2-2 g.) from aqueous methanol gave y-methyl phthalyl- 
L-glutamate a-anilide in rods, m. p. 138—139°, [a]? —1-0° (2% in CHCl,) (Found: C, 65-4; 
H, 5-1; N, 8-0. C,9H,,O;N, requires C, 65-6; H, 4-9; N,7-7%). y-Methyl hydrogen phthalyl- 
L-glutamate (2 g.) was boiled with thionyl chloride (10 c.c.) for 1 hr. before evaporation to 
dryness under reduced pressure and coupling with aniline as described above. An optically 
inactive anilide was obtained which crystallised from benzene-light petroleum (b. p. 60—80°) in 
rods, m. p. 136—-140° unchanged by repeated crystallisation from this and other solvent mixtures. 

(b) Mixed anhydride method. A solution of y-methyl hydrogen phthalyl-L-glutamate 
(1 g.) and triethylamine (0-48 c.c.) in dry chloroform (15 c.c.) was cooled to 5° before addition 
of isobutyl chloroformate (0-43 c.c.). The solution was stirred at 5° for 10 min. before the 
addition of aniline (0-6 c.c.), and the solution was allowed to warm to room temperature (evolu- 
tion of carbon dioxide). Next day the solution was washed with water, aqueous sodium 
hydrogen carbonate, and water before evaporation to dryness. The residual gum was dissolved 
in the minimum volume of hot methanol, and the solution was diluted with water until faintly 
turbid. The «-anilide, [«]?? —1-2° (2% in CHCI,), crystallised in rods, m. p. 138—139° alone 
and when mixed with that prepared by method (a). 

Dimethyl Phthalyl-x-L-glutamylglycinate (X; R = NH*CH,°CO,Me).—A solution of the acid 
chloride from y-methyl hydrogen phthalyl-t-glutamate (2 g.) in dry benzene (15 c.c.) was added 
dropwise to a stirred solution of glycine methyl ester hydrochloride (0-9 g.) and triethylamine 
(2-1 c.c., 2-2 equiv.) in dry chloroform (10 c.c.). Next day the solvent was distilled under 
reduced pressure and the residue was washed with water, aqueous sodium hydrogen carbonate, 
and water. Phthalyl-x-L-glutamylglycine dimethyl ester (2-2 g., 85%) crystallised from ethyl 
acetate—light petroleum (b. p. 60—80°) in needles, m. p. 80—82° raised by recrystallisation to 
m. p. 82—83°, [a]? —3-1° (1-4% in CHCl,) (Found: C, 55-7; H, 5-3; H, 7-6. C,,H,,0,N, 
requires C, 56-3; H, 5-0; N, 7-7%). A similar reaction with L-4-methoxycarbonylmethy]l- 
carbamoyl-2 : 2-dimethylthiazolidine hydrochloride gave a non-crystalline neutral product 
which was not further investigated. 
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Ethyl p-(y-Methyl Phthalyl-«-L-glutamyl)aminobenzoate (X; R = NH°C,H,CO,Et-p). 

A solution of the acid chloride from y-methyl hydrogen phthalyl-L-glutamate (2 g.) in dry 
benzene (20 c.c.) was added to a stirred solution of ethyl p-aminobenzoate (1-8 g.) in chloro- 
form (20c.c.). Next day the filtrate from ethyl p-aminobenzoate hydrochloride was evaporated 
to dryness, and crystallisation of the residue from ethyl acetate—light petroleum (b. p. 60—80°) 
gave ethyl p-(y-methyl phthalyl-a-L-glutamyl)aminobenzoate (1-8 g., 65%) in prisms, m. p. 124— 
126° raised by recrystallisation to m. p. 126—127°, [a]? —1-5° (2% in CHCI,) (Found : C, 62-8; 
H, 4:6; N, 6-8. (C,,;H,.O;N, requires C, 63-0; H, 5-0; N, 6-4%). 

y-Benzyl Hydrogen Phthalyl-L-glutamate.—Phthalyl-L-glutamic anhydride (15 g.) dissolved 
when heated with freshly distilled benzyl alcohol (22 c.c.) on a steam-bath for 2 hr., and the 
solution was then extracted with aqueous sodium hydrogen carbonate. The aqueous extract 
was washed with ether before acidification with 2N-hydrochloric acid and extraction with ether, 
and evaporation of the solvent from the ether extract left a residue of y-benzyl hydrogen 
phthalyl-L-glutamate which crystallised slowly from benzene-light petroleum (b. p. 60—80°) 
in waxy needles (16-4 g.) containing benzene of crystallisation, m. p. 66—67°, {«]?? —30-4 
(3% in CHCI,) (Found: C, 69-8; H, 5-0; N, 3-11. C,9H,,0,N,C,H, requires C, 70-1; H, 5-2; 
N, 3-15. Found, after drying in a vacuum-desiccator over hard paraffin and sulphuric acid for 
48 hr.: C, 65-4; H, 4-7; N, 3-4. C,9H,,0O,N requires C, 65-4; H, 4:7; N, 3-8%). 

a-Methyl Hydrogen Phthalyl-_-glutamate (X1; R = OH) and its Acid Chloride (XI; RK 

Cl).—Ethereal diazomethane was added to y-benzyl hydrogen phthalyl-L-glutamate (10 g.) 
until the solution remained faintly yellow and the excess of diazomethane was decomposed by 
addition of a few drops of acetic acid before evaporation of the solution to dryness. The oily 
residue of a-methyl y-benzyl phthalyl-1-glutamate was hydrogenolysed in ethyl acetate at 
room temperature and pressure over palladised charcoal (5% of Pd; prepared from the oxide). 
When absorption of hydrogen ceased (ca. 50% of the theoretical volume) the solution was 
filtered from catalyst and the filtrate, after extraction with aqueous sodium hydrogen carbonate, 
was again hydrogenolysed and extracted with aqueous sodium hydrogen carbonate. The 
combined aqueous extracts were acidified with 2N-hydrochloric acid, and the precipitated 
methyl ester was collected and drained at the pump. «-Methyl hydrogen phthalyl-L-glutamat 
crystallised from ethyl acetate-light petroleum in rods (5-2 g., 65%), m. p. 136—137°, |a)} 
—39-8° (2-8% in dioxan) (Found: C, 58-0; H, 4:4; N, 5-0. C,gH,,0,N requires C, 57-7; 
H, 4:5; N, 48%), and from ethyl acetate in needles, m. p. 138°, [a]?® —55-9° (3-2% in EtOAc) 
(Found: C, 57-7; H, 4:5; N, 4:8%). Mixed anhydride couplings of «-methyl hydrogen 
phthalyl-L-glutamate with glycine ethyl ester and with L-cysteine (sodium salt) gave products 
which did not crystallise. 

The «-methyl ester y-acid chloride (XI; R = Cl) was prepared with cold thionyl chloride as 
described above for the isomeric y-methy]l ester «-acid chloride, and was used in benzene solution 
for coupling reactions. «-Methyl hydrogen phthalyl-L_-glutamate of the same m. p. and specific 
rotation was obtained after its conversion into the acid chloride and hydrolysis of the latter by 
stirring with water for 2 hr. 

a-Methyl Phthalyl-_-glutamate y-Anilide (XI; R = NHPh).—(a) Acid chloride method. 
a-Methyl hydrogen phthalyl-L-glutamate (2 g.) was converted into the anilide as already 
described for the y-methy] ester «-anilide [method (a)!.  «-Methyl phthalyl-L-glutamate y-anilide, 

a7? —29-5° (0-6% in MeOH), crystallised from benzene in prisms (2-3 g., 90%), m. p. 151—152 
raised to m. p. 152—153° by recrystallisation from ethyl acetate-light petroleum (Found : 
C, 65-8; H, 4:9; N, 7-7. C.9H,,0O;N., requires C, 65-6; H, 4:9; N, 7-65%). A solution of 
a-methyl hydrogen phthalyl-t-glutamate (1 g.) in thionyl chloride (5 c.c.) was boiled until 
evolution of hydrogen chloride ceased (40 min.) and the acid chloride was isolated by removal 
of the thionyl chloride under reduced pressure. The residue was dissolved in dry benzene 
(10 c.c.), and the solution was added dropwise to a stirred solution of aniline (1 c.c.) in benzene 
(10 c.c.). Stirring was continued for 4 hr. before collection of the solid (0-85 g.), which was 
washed with water, aqueous sodium hydrogen carbonate, and water. Crystallisation of the 
residue from benzene (thrice) gave leaflets, m. p. 70—74°, which after two crystallisations from 
aqueous ethanol gave «-methyl phthalyl-pi-gluiamate y-anilide in prisms, m. p. 110° (Found : 
C, 65-6; H, 4-7; N, 7-9%). Evaporation of the filtrate of the original reaction mixture gave 
a neutral residue (0-15 g.) which, after several crystallisations from ethyl acetate-light petroleum 
(b. p. 60—80°), gave «-methyl phthalyl-L-glutamate y-anilide in prisms, m. p. and mixed m. p. 
152— 153°. 
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(b) Mixed anhydride method. The a-methy]l ester y-anilide was also obtained by the mixed 
anhydride method as described for the y-methyl ester a-anilide [method (b)}. The product 
had the same specific rotation and m. p. as that prepared by method (a) and there was no 
depression in the mixed m. p. 

Preparation and Acid Hydrolysis of Phthalyl-y-pi-glutamylglycine Methyl Ester —Phthalyl- 
pL-glutamic anhydride ' (5-2 g.) was added to a stirred solution of glycine methyl ester hydro- 
chloride (2-5 g.) and triethylamine (2-8 c.c.) in dry chloroform (50 c.c.). The exothermic 
reaction raised the temperature of the mixture to 45°. Next day the solvent was removed, the 
residue was extracted with aqueous sodium hydrogen carbonate, and the solution was filtered 
before acidification with 2N-hydrochloric acid, which precipitated a gum that crystallised when 
kept. Recrystallisation of the product from water gave a-hydrogen phthalyl-y-pi-glutamyl- 
glycine methyl ester (5-3 g., 75%) in aggregates of leaf-like plates, m. p. 155—156° raised by 
recrystallisation to m. p. 157—158° (Found: C, 54-9; H, 4-4; N, 81. C,gH,¢0,N, requires 
C, 55-2; H, 4-6; N, 8-1%). 

A solution of the ester (1 g.) in acetone (12 c.c.) and 4n-hydrochloric acid (12 c.c.) was boiled 
for 30 min. and then concentrated to 10c.c. Next day the crystalline solid (0-9 g.) was collected 
and washed with a little water, and was identified as phthalyl-y-pi-glutamylglycine * which 
crystallised from water in prisms, m. p. and mixed m. p. 206—207°. ; 

L-2 : 2-Dimethyl-3-phthalylglycylthiazolidine-4-carboxylic Acid.—A solution of phthalyl- 
glycyl chloride (2-25 g.) in pure dry chloroform (15 c.c.) was added dropwise to a stirred solution 
of 1-2: 2-dimethylthiazolidine-4-carboxylic acid hydrochloride * (2-0 g.) and triethylamine 
(1-4 c.c.) in dry chloroform (50 c.c.). Next day the solution was evaporated and the clear, 
glassy residue was digested with saturated aqueous sodium hydrogen carbonate. Acidification 
of the filtered aqueous extract with 4n-hydrochloric acid precipitated L-2 : 2-dimethyl-3-phthalyl- 
glycylthiazolidine-4-carboxylic acid which crystallised from aqueous ethanol in leaflets (3-3 g., 
95%), m. p. 202—203°, [a]? —38-5° (2% in EtOH) (Found: C, 54:9; H, 4:2; N, 7-6. 
C46H,,0,;N,S requires C, 55-2; H, 4-6; N, 8-0%). 

Preparation and Acid Hydrolysis of L-2 : 2-Dimethyl-3-(phthalyl-y-L-glutamyl)thiazolidine-4- 
carboxyglycine Dimethyl Ester (IX).—a-Methyl hydrogen phthalyl-L-glutamate (1 g.) in chloro- 
form (15 c.c.) at 5° was converted into the mixed anhydride with triethylamine (0-48 c.c.) and 
isobutyl chloroformate (0-43 c.c.). A solution of L-2 : 2-dimethyl-4-methoxycarbonylmethyl- 
carbamoylthiazolidine hydrochloride (0-9 g.) and triethylamine (0-48 c.c.) in chloroform (10 c.c.) 
was added to the mixed anhydride solution (carbon dioxide was evolved) and next day the 
solution was washed with water, aqueous sodium hydrogen carbonate, and water. Evaporation 
of the organic solution left a neutral residue of L-2: 2-dimethyl-3-(phthalyl-y-1-glutamy])- 
thiazolidine-4-carboxyglycine dimethyl ester (IX), which was not obtained crystalline. The 
neutral ester (0-6 g.) was boiled in acetone (12 c.c.) and 4N-hydrochloric acid (12 c.c.) for 30 min. 
before evaporation to small bulk (5 c.c.) under reduced pressure, which caused separation of an 
oily acid that solidified (0-3 g.) when triturated. Recrystallisation of the solid from water and 
then from ethyl acetate-light petroleum (b. p. 60—80°) gave a-methyl hydrogen phthalyl-.- 
glutamate in rods, m. p. 135—136° not depressed with the authentic material of m. p. 136—137° 
(Found : C, 57-7; H, 4:1; N, 5-0%). 
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169. A Conductimetric Study of Acid—Base Interactions in 
Non-aqueous Media. 
By P. J. R. Bryant and A. W. H. WARDRoP. 


The conductimetric titration technique has been extended in order to 
study interactions between organic acids and tertiary bases in acetone and 
acetonitrile. Various conductance curves have been interpreted in terms of 
the ionic species present in solution. 

In contrast to the behaviour in hydroxylic media, the addition of acid 
to a salt in these solvents may enhance conductivity, over and above that 
due to any mass-law increase. This does not occur with strongly chelated 
acids such as 2: 6-dinitrophenol and picric acid. 

The submission that this effect is due to hydrogen bonding between acid 
and anion has been examined with due regard to the various physical and 
chemical changes involved, and in connection with the behaviour of salts 
undergoing acid—base dissociation. 

The attractions involved appear to be of exceptional strength, and, for 
carboxylic acids and their anions, are evident in solvents in which the acids 
are known to be monomeric. 


THE conductimetric study of acid-base interactions has been largely confined to operations 
of analytical significance. In aqueous solution the processes are well understood, and 
most of the changes examined are known to depend largely upon the concentrations of 
free hydroxyl and hydroxonium ions.1_ Non-aqueous media have been used ? where the 
solvents or solutes are intensely reactive, thus avoiding side reactions in order to obtain 
results of quantitative significance. 

Maryott,? however, performed conductimetric titrations with various organic acids 
and bases in benzene or dioxan. When base solutions were added to acid solutions, the 
appearance of a maximum in the specific conductivity curve, occurring before the accepted 
stoicheiometric equivalence point, was taken as evidence for the presence of a hydrogen- 
bonded complex (I) between anion and excess of acid. The resulting complex anion 
would be larger than the simple anion, so that its charge would be more effectively shielded, 


— rr 
fe) oO. O---H—-O 
c Sor Re* 
R ; 
the “a \ 
Geesoom O O---H—o 


(I) (II) 


the Coulombic attractions reduced, and the dissociation consequently increased. However, 
the concentration of free acid anions in solvents of low dielectric constant must necessarily 
be very small, and the recorded conductivities are of the order of 10-!° to 10-2 ohm=! cm.-!. 

The existence of acid salts of monobasic organic acids was first demonstrated by 
Gerhardt.4 Pfeiffer et al.5 prepared a series of normal and acid salts of carboxylic acids 
with pyridine, and ascribed the formation of the latter salts to interaction between the 
anion and the hydrogen atom of the acid. In more recent years, Speakman and his 
co-workers ® carried out X-ray examinations of the crystals of various aromatic acid salts. 
The presence of hydrogen bonds was demonstrated, but claims concerning their symmetry 


? Kolthoff, Ind. Eng. Chem. Anal., 1930, 2, 225; Britton, ‘‘ Conductometric Analysis,’’ Chapman 
and Hall, London, 1934. 

2 Riddick, Analyt. Chem., 1954, 26, 77. 

3 Maryott, J. Res. Nat. Bur. Stand., 1947, 38, 527. 

* Gerhardt, Annalen, 1853, 87, 150. 

5 Pfeifier, Ber., 1914, 47, 1580, and references to Birencweig, Hofmann, and Windheuser therein. 

® Speakman, /., 1949, 3357; Skinner and Speakman, /., 1951, 185; Skinner, Stewart, and 
Speakman, /., 1954, 180; Downie and Speakman, ibid., p. 787. 
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have been discounted, from infrared evidence, by Davies and Thomas.’ Further infrared 
studies, made by Barrow and Yerger,® on solutions containing primary, secondary, and 
tertiary bases with acetic acid in carbon tetrachloride or chloroform, showed the occurrence 


Fic. 1. Titrations with triethylamine [except no. (9)]}. 
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Base added (mole) 
(1) Trichloroacetic acid (0-165 mole /l.) in acetone. 
(2) Dichloroacetic acid (A, 0-0653; B, 0-100; C, 0-154; D, 0-203; and E, 0-250 mole /l.) in acetone. 
(3) Monochloroacetic acid (0-154 mole/l.) in acetone. 
(4) Acetic acid (0-267 mole /i.) in acetone. 
(5) 3: 5-Dinitrobenzoic acid (A, 0-0612; B, 0-104; C, 0-134; D, 0-167; and E, 0-204 mole/l.) in acetone, 
titrated with Et,N (constant volume). 
(6) A, 3: 5-Dinitrophenol (0-018 mole /l.); B, 2 : 6-dinitrophenol (0-164 mole/l.) in acetone. 
(7) Picric acid (A, 0-0260; B, 0-0503; C, 0-0765; and D, 0-0991 mole/I.) in acetone, titrated with EtsN 
(constant volume). 
(8) A, m-Nitrophenol (0-165 mole/I.); B, o-Nitrophenol (0-166 mole /l.) in acetone. 
(9) Picric acid (0-0430 mole /I.) in acetone, titrated with pyridine. 
(10) Dichloroacetic acid: A (0-205 mole/l.) in acetone; B, (0-198 mole/l.) in ethyl alcohol. 


of acid—base equilibria, together with the formation of undissociated acid—anion-cation 
and anion-cation complexes, AH~---A~---HB* and ~A---HB*. Further com- 
plexities, due to solute-solvent interaction, were adduced for the chloroform solutions. 

7 Davies and Thomas, /]., 1951, 2858. 


8 Barrow and Yerger, /. Amer. Chem. Soc., 1954, 76, 5211; 1955, 77, 4474; Yerger and Barrow, 
ibid., p. 6206. 
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There is thus considerable evidence for the existence of a range of complex salts both 
in the crystalline state and in solution with aprotic solvents. The purpose of the present 
investigation is to determine if complex-formation by free anions can be demonstrated 
under more favourable conditions, and to extend the existing concepts regarding their 
mode of formation. This communication deals with the interactions between tertiary 
bases and monobasic organic acids, in acetone, acetonitrile, and ethyl alcohol. 


RESULTS 
Conductimetric titrations were carried out with solvents of higher dielectric constant than 
those used by Maryott;* addition of pure liquid base or acid instead of a solution then gave 
higher conductivities and smaller dilution effects. The results are shown in the Figs. 1—2, the 








TABLE 1, 
Specific conductivity (ohm= 
cm.-? x 10¢) 
Curve Initial solution 
type, Acid concn. of acid At max. At equiv. 
Fig. 1 Acid Solvent Base (mole/1.) (approx. ) pt. pt.a 
(1) CCl,-CO,H COMe, Et,N 0-165 0-01 18-9 2-6 
es ‘ss a Bu®,N 0-162 0-01 15-0 1-9 
ee ie MeCN’ Et,;N 0-112 <0-03 31-7 8-9 
(2) CHCl,CO,H COMe, “es 0-0653 <0-03 5-20 0-8 
” » o * 0-100 <0-03 7-59 1-1 
os ‘a - - 0-154 <0-03 10-7 1-8 
aa ss “ ‘i 0-203 <0-03 14-2 3-0 
» » “ - 0-250 <0-03 16-8 3-4 
” os ‘- Bu®,N 0-166 <0-03 9-50 2-3 
ie % Me:CN’~ Et,N 0-0787 <0-03 17-5 3-8 
(3) CH,Cl-CO,H COMe, ” 0-154 <0-03 5-85 3-4 
b e Me-CN a 0-176 <0-03 18-6 6-8 
(4) CH,°CO,H COMe, a 0-267 <0-01 2-65 2-4 
(5) 3: 5-C.H,(NO,),°CO,H * os i 0-0612 <0-01 3-90 0-6 
- ” . ee a 0-104 <0-01 5-95 0-9 
” ” ° ” - 0-134 <0-01 7-64 1-0 
‘i io ° . si 0-167 0-01 9-22 1-5 
» - ° 0 pe 0-204 <0-03 11-0 1-7 
(3)  o-C,H,(NO,)-CO,H + ia 0-164 <0-01 2-40 0-9 
ms m-C,H,(NO,)-CO,H a - 0-163 <0-01 3-90 1-4 
»  p-C,H,(NO,)-CO,H ss - 0-163 <0-01 4-05 1-5 
(6A) 3: 5-C,H,(NO,),-OH - Pe 0-108 <0-03 24-3 24-0 
* At constant vol. 
TABLE 2. 
Specific conductivity 
(10* ohm™ cm.~}) 
Curve type, Acid concn, Initial soln.of At equiv. 
Fig. 1 Acid Solvent Base (mole/l.) acid (approx.) pt.a 
(7) C,H,(NO,),°OH * COMe, Et,N 0-0260 <0-1 8-89 
ia - . ee pa 0-0503 0-1 13-4 
” = 0 - 0-0765 0-1 17-4 
‘i ; . “ ‘- 0-0991 0-1 20-3 
(9) ia - C;H,N 0-0430 0-1 10-0 
(8B) o-C,H,(NO,)-OH we Et,N 0-166 <0-1 2-30 
(84) m-C,H,(NO,)-OH a at 0-165 <0-1 6-90 
1 p-C,H,(NO,)-OH ee “ 0-0781 <0-1 8-80 
(6B) 2 : 6-C,H,(NO,),-OH a - 0-164 <0-01 2-30 
(10B) CHC1,°CO,H EtOH a 0-0429 <0-03 5-10 
” ” ” ” 0-113 <0-03 10-2 
” ” ” ” 0-198 0-1 15-0 
” ” ” ” 0.267 0-1 18-5 
‘i 3 : 5-C,H,(NO,),"CO,H - 0-0596 <0-03 7-00 


* At constant volume. 


specific conductivity being plotted against the molar fraction of base added to the acid in 
solution, or (Fig. 2) against the molar fraction of acid added to base solution. On all the 
HH 
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curves, the point ‘‘ a’’ shows the molar fraction of base equivalent to the acid content of the 
solution, or vice versa. The initial conductivities of the acid or base solutions were very low. 
On the addition of base, however, all the acid solutions showed a sharp increase in conductivity, 
the same effect being evident on addition of acid to a base solution. 

The curves obtained by adding base to acid solutions are seen to be essentially of two types. 
Those in the first group, e.g., Fig. 1 (1)—(6A) and (10A) (cf. Table 1), show maximum con- 
ductivity before the stoicheiometric equivalence point is reached. In some cases [Fig. 1 (I, 2, 
and 5)] this maximum is followed by a sharp fall and by a sudden change of direction in the 
vicinity of the equivalence point, producing a well-defined inflexion. In other instances 
(Figs. 1 (3, 4, and 6)] the curve falls away gradually, passing through the point of theoretical 
equivalence without an abrupt deviation. 

Systems of the second type, e.g., Fig. 1 (7 and 10B) are listed in Table 2. They have no 
preliminary maxima but show a rapid and regular rise in specific conductivity up to the equiv- 
alence point, where a sudden change of course may occur. Change in type can be brought 
about by change of acid [Fig. 1 (1 and 7)] or solvent [Fig. 1 (10)}._ In acetone, this simpler type 
of curve was shown with picric acid and 2 : 6-dinitrophenol, in contrast to the behaviour of the 
other acids in this solvent. In ethyl alcohol, however, no preliminary maxima occurred with 
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Fic. 2. A, Tri-n-butylamine (0-0918 mole /l.) in acetone, titrated with CHCl,-CO,H. B, Tri-n-butylamine 
(0-0949 mole /l.) in ethyl alcohol, titrated with CHC1,°CO,H. 
Fic. 3. (A) Density and (B) viscosity changes during titration of 3 : 5-dinitrobenzoic acid (0-148 mole /I.) 
in acetone, with Et,N. 


dichloroacetic or 3: 5-dinitrobenzoic acid, unlike the corresponding solutions in acetone or 
acetonitrile. The reverse process, involving the addition of acid to base solution, is illustrated 
by the curves shown in Fig. 2, which were obtained in acetone and ethyl alcohol. 

The majority of the titrations involving addition of base were carried out with triethylamine ; 
with tri-n-butylamine, the general contours of the curves were similar, but the maxima 
and the points corresponding to stoicheiometric equivalence both occurred at lower 
conductivities than for the tne*hyl analogue. Results obtained by titrating the various acids 
in acetone and acetonitrile were again similar, but the overall conductivities obtained with the 
nitrile solutions were higher. 

In acetone or acetonitrile, no conductivity drifts were noted in the picric acid experiments, 
contrary to the observations recorded for benzene and dioxan.* During the titration of tri- 
chloroacetic acid with tertiary aliphatic bases in acetone, however, the conductivity tended to 
drift, with time, towards lower values as the equivalence point was approached. The final 
inflexion then occurred somewhat before this stage (Fig. 1). This effect was accentuated if 
the titration was carried out at 60° in phenylacetonitrile, and with addition of tri-n-butylamine. 
In this connection, however, trichloroacetic acid and tertiary bases are known to undergo 
further interaction to yield chloroform and carbon dioxide, presumably by way of betaines.® 
At 20° and at the concentrations used in the present work, no reaction other than salt formation 
was observed with mono- and di-chloroacetic acid. 


* Silberstein, Ber., 1884, 17, 2664; Verhoek, J. Amer. Chem. Soc., 1934, 56, 571. 
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Volume changes involved during a titration were not great. For a given initial concen- 
tration of acid in acetone, the result of adding triethylamine gave the following increases in 
volume, from the commencement up to the equivalence point : 


Acid 3 : 5-Dinitrobenzoic Picric 
ORIENT CUR: GRIT D sescnssusscicerdencncsssssiencssensssssexens 0-148 0-204 0-147 
PCIE OD WEE, CIGD vsiccccsscnaxctenscsenepecsssessncescnessesoneess 1-5 2-2 1-7 


These volume changes were calculated from the density determinations plotted in Figs. 3 and 4. 
Figs. 3 and 4 also show the changes in viscosity occurring during the course of titrations 
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involving triethylamine with 3: 5-dinitrobenzoic and picric acids respectively, in acetone. 
The systems discussed here showed conductivities increasing to such an extent that the measure- 
ment of dielectric constant was inconvenient. Maryott,? however, treated 0-01M-solutions of 
acid in benzene or dioxan with 0-2Mm-solutions of base in the same solvents. With triethylamine 
and trichloroacetic acid the specific-conductivity curves showed well-defined maxima before 
the equivalence point, and the highest conductivities recorded were only of the order of 1074 
to 102 ohmcm.-!. Under similar conditions to those used by Maryott, the dielectric constant 


of the system was measured at intervals, for both dioxan and benzene, and the results are 
shown in Fig. 5. 








900 Bryant and Wardrop: A Conductimetric Study of 


Preparation of the normal and the acid triethylammonium 3: 5-dinitrobenzoate allowed 
conductivities to be measured, for these salts, at various concentrations in acetone. The results, 
expressed in terms of the equivalent base or salt content of the solutions, are superimposed on 
the titration diagram in Fig. 1 (5). 

In order to compare the results of concentration changes at constant volume, sets of twelve 
acetone solutions, containing the same amount of 3: 5-dinitrobenzoic acid, were treated with 
varying amounts of triethylamine and each made up to the same volume. Five such sets 
were prepared, and the specific conductances of the various solutions are shown in Fig. 1(5). 
These curves are, of course, essentially similar to the titration diagrams obtained with this 
system, the differences being trivial at the scale on which they are plotted. On the assumption 
that acid—base dissociation was small, the solutions containing one equivalent of base therefore 
contained one equivalent of normal salt. The equivalent conductivities of normal salt in 
various solutions, plotted against the concentration in moles per litre, are shown in Fig. 6. 
There the horizontal curve s—* shows the conductivity of the normal salt alone, whilst the 
curves joining the latter at the points a,—a, represent the conductivity of one g.-equiv. of this 
salt during a conductimetric titration at constant volume. A similar experiment, performed 
with picric acid and triethylamine in acetone, gave a series of curves following a substantially 
identical course (Fig. 7), in common with the conductance curve for a pure sample-of triethyl- 
ammonium picrate. 


DISCUSSION 


In acetone or acetonitrile, the titration curves produced with tertiary bases and 
relatively strong acids are similar, in principle, to those reported for benzene or dioxan.® 
Ionic dissociation in the initial acid and base solutions must be very small, as can be seen 
from their low conductivities. It follows that the corresponding conjugate acids and 
bases are similarly little affected. As the formation of salt proceeds, however, non- 
conducting ion pairs or higher aggregates are formed. These entities are more or less 
dissociated into free conducting ions according to the thermal forces in the solution and to 
the degree of solvation of the ions. The thermal forces depend on the dielectric constant 
of the medium, and the solvation depends on the attractive forces between solute ions and 
between these ions and the solvent molecules. 

Before the principle is accepted that the conductance maxima are due to complex-ion 
formation, it seems necessary to consider other changes which may occur during the 
conductance titrations. 

(a) With very concentrated solutions of salts, etc., in aqueous solution, the specific 
conductances may, if solubility permits, rise to a maximum and then fall as the concen- 
tration is increased.4®° The occurrence of this maximum is ascribed to the opposing 
factors of rising electrolyte concentration and falling degree of dissociation and mobility.14 
Such salt solutions as are considered here, however, show no such maxima at the relevant 
concentrations [Fig. 1 (5)], and the anomaly occurs only when there is a progressive 
neutralisation of acid. 

(6) Triple-ion formation is known to cause irregularities in conductance curves,” and 
these inflexions occur at higher concentrations for liquids of greater dielectric constant. 
In acetone (eg) = 21-2) * the equivalent conductances of both the acid and the normal 
triethylammonium 3: 5-dinitrobenzoate show the usual hyperbolic fall with increase 
in concentration up to 0-2 equiv./l., and no such irregularity occurs. When the equivalent 
conductivity of the normal salt is plotted for a decreasing excess of acid and an increasing 
concentration (Fig. 6), the curves again show a smooth fall. With acetonitrile (eg) = 37-5) 
then, this effect cannot be evident at commensurate concentrations. 

#@ Kohlrausch and Holborn, “ Leitvermégen der Elektrolyte,” Leipzig, 1898, pp. 145—158; 
Landolt-Bérnstein, “‘ Tabellen,”’ 5th Edn., Vol. 2, pp. 1068—1078. 

11 Kortum-Bockris, ‘‘ Textbook of Electrochemistry,” Elsevier, New York, 1951, Vol. 1, p. 199. 

12 Fuoss and Krauss, J. Amer. Chem. Soc., 1933, 55, 2387. 


13 Kraus, J]. Phys. Chem., 1956, 60, 129. 


## Dielectric constants are from Maryott and Smith, “‘ Tables of Dielectric Constants of Pure Liquids,” 
N.B.S. Circular 514, 1951. 
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(c) The ionic dissociation constants of incompletely substituted ammonium salts are 
very low in non-polar solvents, and only of the order of 10 or 10~ in such liquids as 
acetone or nitrobenzene.4® At appreciable concentrations, then, the free ions may be 
regarded as moving in a medium consisting of solvent and undissociated aggregates. The 
increase in concentration will be accompanied by a change in the bulk dielectric constant 
and in the total viscosity, affecting both the dissociation of the ions and their mobility. 
It will be seen, however, from Figs. 3—5, that the increases are regular for both these 
properties up to the equivalence point for 1:1 salt formation, and remain so where a 
preliminary maximum occurs with the conductivity. Furthermore, the increase in di- 
electric constant is not great, whilst the viscosity rises are of comparable magnitude 
whether or not the system shows a preliminary maximum. 

(d) The suggestion that the maxima are due to positive salt effects has been dealt 
with inasmuch as it applies to solutions in which the ionic strength is very low.2 Even 
when the latter is higher, however, such an explanation would fail to account for the 
diverse behaviour of various acids when the solvent and base remain the same. Pre- 
liminary maxima are not always shown, and where they are shown with one solvent they 
may not occur with another. It will be seen below that this difference is of significance 
in interpreting the curves. 

Interactions in the Solutions.—It is known that the presence of hydrogen bonds may 
cause profound effects upon electrolytes in certain solvents. Kraus and his co-workers 1% 15 
have demonstrated the existence of interactions between the anions and cations of partially 
substituted ammonium salts that are additional to the ordinary Coulombic forces. Thus, 
with an acid and tertiary base, we have : 


R,N + HA—> (R,NH*---A-)===R,NH*+A-  . . . (i) 


with the usual ion-pair attractions supplemented by those due to hydrogen bonds. The 
resulting salts then have low ionic dissociation constants in certain solvents such as acetone 
or nitrobenzene, whilst their tetrasubstituted counterparts may give constants some 
thousand times greater. Similarly, the ratios between the dissociation constants of 
partially substituted and quaternary base salts are shown to vary considerably amongst 
solvents of differing proton attraction, owing to the varying abilities which the solvents 
may show for interaction with the cations. 

In solvents such as dioxan, acetone, or acetonitrile, the thermal dissociation of tertiary 
base salts will be somewhat augmented by hydrogen-bonding attractions between the 
solvent and the cation : 


(RN+ +++ A) + S==(R,Nt+---S)$+ A> 2... i 


but this influence will be opposed by the combined Coulombic and hydrogen-bonding 
forces between the two ions. With benzene, the thermal forces are very low, and the 
slight ionic dissociation must be attributed to the formation of triple ions, together with the 
known polarisability of the aromatic nucleus.4® If the solution contains excess of acid, 
however, the latter will be associated with the anion. For equivalent amounts of acid 
and salt, the interactions affecting the salt pair may now be represented, in the simplest 
case, as: 


(R,NH* - -- A-) + HA = (R,NH’ --- A- --» HA) == R,NH* + A----HA (iii) 


There is thus greater dissociation than with (ii) alone, so that the conductivity of the 
solution will be higher. The hydrogen-bonding tendency between anion and cation will 
contribute to a lowering of free-ion availability, whilst that between anion and acid will 
increase it. The attraction between acid and anion must therefore possess a strength at 

18 (a) Kraus, J. Phys. Chem., 1939, 43, 231; (b) Taylor and Kraus, J. Amer. Chem. Soc., 1947, 69, 


1731; (c) Witschonke and Kraus, ibid., p. 2472. 
16 Andrews, Chem. Rev., 1954, 54, 713. 








902 Bryant and Wardrop: A Conductimetric Study of 


least comparable with that between the paired ions, where a similar attraction is augmented 
by Coulombic forces. 

Interpretation of Conductivity Curves.—When strong bases are added to strong acids 
in solution [Figs. 1 (1, 2, and 5)!, the shapes of the curves showing preliminary maxima 
depend on the opposing trends of rising salt concentration and falling degree of acid— 
anion association. The resulting increase in specific conductance, on addition of one 
equivalent of acid to one of salt, is at these concentrations greater than that produced by 
doubling the concentration of salt alone. Even in cases where an acid-base dissociation 
occurs, an increase of such magnitude cannot, therefore, be attributed to a mass-law 
effect. At the commencement of the titration, highly solvated salt is being formed in 
proportion to the amount of base added, but as the addition proceeds more of the free 
acid is used up in salt formation. The two effects are eventually in equilibrium, in terms 
of the conductance, when a maximum occurs; the precise position of the latter depends 
on the extent of the opposing forces. The curve then falls steeply until all the excess of 
acid is used up and only the normal salt remains in solution (eqn. ii). The subsequent 
slow fall in conductivity is then due largely to the effects of dilution. There is thus a 
sharp “‘ end point ”’ in all these titrations approximating to the point of theoretical equiv- 
alence. Similarly, if acid is added to base solution (Fig. 2A), the conductance rises slowly 
until the equivalent amount of salt is formed, and then much more rapidly as the latter is 
solvated by the acid. 

If the salt undergoes acid-base dissociation, the free acid will not be completely removed 
at the theoretical equivalence point, so that some measure of its effect will be still apparent 
in an enhanced conductivity and a gradually falling titration curve : 


RN + HA sem RANE? + 4° cick. +e 





The addition of base to the solution of a salt formed from a weaker acid may then result 
in a fall in conductivity, rather than a rise. The magnitude of this effect will depend on 
the salt equilibrium and on the attractive force between anion and acid in each case. If 
there is parallelism between the relative strengths of acids in a range of solvents!’ the 
trend is illustrated with the series trichloroacetic, dichloroacetic, monochloroacetic, and 
acetic acid [Figs. 1 (l—4)], the respective values for K, in water being 20,000, 5,000, 138, 
and 1-75 x 10°. When the solvent, acetone, and the base, triethylamine, are the same 
throughout, the weaker the acid, the more gradual the fall in the curve and the higher the 
conductivity at the theoretical end point relative to that at the maximum. Even salts 
of the stronger acids used in acetone show a small acid—base dissociation at the theoretical 
equivalence point, there being a slight subsequent fall in conductivity before the practically 
constant value is obtained [Figs. 1 (2 and 5)). 

A tendency to acid-base dissociation accounts for the instability of a number of the 
simple 1 : 1 salts with weaker bases. Thus Kench and Malkin 18 found that the ammonium 
salts of the higher fatty acids tended to pass into the acid salts. The normal pyridinium 
salts prepared by Pfeiffer e¢ al. were converted into the acid salts on crystallisation from 
ethyl alcohol.® In the present investigation, it was found that pyridinium 3 : 5-dinitro- 
benzoate was similarly affected by crystallisation from acetone, or by exposure to moist 
air, whilst the corresponding triethylammonium salt was unchanged under these conditions. 

With picric acid and triethylamine [Fig. 1 (7)], no preliminary maximum is evident in 
the acetone curves, in agreement with the results obtained in benzene or dioxan.* The 
same result is evident for 2 : 6-dinitrophenol in acetone [Fig. 1 (6B)], and both acids show 
contrary behaviour to the majority in this solvent. The significance of this result appears 
to have been missed, for both the aforementioned acids are known to contain intramole- 
cular (chelated) hydrogen bonds, so that their hydrogen atoms have restricted availability 


17 Dippy, Chem. Rev., 1939, 25, 151; Bell, ‘‘ Acid-Base Catalysis,” Methuen, London, 1952. 
18 Kench and Malkin, J., 1939, 230. 
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for linkage with the anions. In this case the conductivity rises sharply as the practically 
non-conducting acid is successively replaced by the more highly dissociated salt. This 
rise ceases when the interaction is complete, and any excess of base has little effect on the 
conductivity. The reverse process of adding acid to base solution produces a similar 
diagram.* 

With salts of chelated acids, the result of using a relatively weak acid or base causes 
further differences. The titration with o-nitrophenol [Fig. 1 (8B); K,=0-75 x 107] 
gives a curve in which a slight continuous rise in conductivity is still evident after the 
equivalence point. Pyridinium picrate is known to show acid-base dissociation, and 
the successive addition of excess base causes a gradual rise in conductivity, rather than a fall 
(Fig. 1 (9)]. These results are consistent with the occurrence of a simple equilibrium 
R,N + HA == R,NH* + A-. Where considerably weaker acids are used, the curves 
produced by adding base may not show a preliminary maximum, for the anion concen- 
tration is low. Thus m- and p-nitrophenol (K, = 1 x 10° and 0-96 x 10-7 respectively) 
give diagrams (Fig. 1 (8A)]} similar in type to the chelated o-isomeride [Fig. 1 (8B)], where 
the curvature is largely due to acid-base dissociation alone. Further, the anions are of 
relatively higher basic strength, so that a considerable excess of amine is necessary in order 
to decompose the acid associated entities. The curves may then reach their highest 
conductivity at a point beyond “a.” 

The fact that the preliminary maxima in the titration curves are absent in ethyl alcohol 
solutions [Fig. 1 (10B)} can also be attributed to hydrogen bonding. The curves are similar 
to those given with strongly chelated acids in acetone or acetonitrile, but the similarity 
arises from different causes. The equivalent conductivities (A) of triethylammonium 
3 : 5-dinitrobenzoate solutions of similar or identical concentrations (c) are given, in the 
accompanying Table, for three different solvents, together with the dielectric constants 
(ec) and viscosities ! (yn) of the latter. 


c (equiv./1.) A (ohm-! cm.?) Eee Neo (centipoises) 
AOCUOMO. ccocesdiccorss 0-0594 1-35 21-2 0-316 
Ethyl alcohol ........ 0-0596 11-8 25-1 1-72 
n-Propyl alcohol 0-0594 3-16 20-8 2-23 





The conductivities are higher for the alcohols, in spite of the fact that their dielectric 
constants are commensurate with that of acetone and their viscosities much greater. 
It is concluded that the ion dissociation is higher in the alcohols, for the hydroxyl groups 
should be capable of interacting with both anion and cation. In the acetone and aceto- 
nitrile titrations, acid associated with the anion is being progressively removed as the 
titration proceeds. In ethyl alcohol, however, hydrogen bonding with the anion is present 
throughout, as well as with the cation, and since the alcohol is in gross excess it is the more 
successful competitor for the anions, despite the fact that the bonding attraction is weaker 
than with acids. When acid is added to base solution (Fig. 2B), the alcohol curves are 
similar to those for the reverse process [Fig. 1 (10B)], unlike the results with the other two 
solvents. The whole effect is analogous to that shown by weak acids and bases in water. 

Further Interactions in Solution.—The solid complex salts are finite entities, with their 
hydrogen-bonded atoms locked within the crystal lattice. On the other hand their 
solutions must be regarded from a kinetic standpoint, the tendency to form hydrogen 
bonds serving to increase or decrease the various mutual attractions according to circum- 
stance. The acid associated anion will be in equilibrium with its components, thus: 
A- + HA = (A----HA). Furthermore, the carboxylate ion is capable of directly 
co-ordinating two equivalents of acid (II), and the acid molecules thus engaged are able 
to interact with others of their kind. Presumably these interactions will be weaker, for 
the subsequent additions will be further removed from the charge centre of the anion. 
When acid is added to base solution (Fig. 2A), the rise in conductance continues well 


1® The value for acetone was separately determined, the other viscosities being taken from “ Inter- 
national Critical Tables.” 
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beyond the point at which equivalent amounts of salt and acid are present. This further 
rise may then be attributed to a growing concentration of complex anions and to an increase 
in their order of co-ordination. 

During the present work, there was no sign of cation—amine interaction, in contrast 
to results with benzene or dioxan,’ but in the systems discussed here several interactions 
involving either ions or uncharged entities may affect the degree of solvation of the former. 
Thus, an electron-donating solvent may show some measure of competition with the 
anion, for the attraction of the acidic hydrogen. Similarly, where acid-base dissociation 
of a salt occurs, there will also be some tendency to hydrogen bonding between acid and 
base, and between either or both and certain solvents. Further, the state of aggregation 
of carboxylic acid molecules varies from one solvent to another.” All these interactions 
must be considered in their relation to the normal dispersion, dipolar, polarisation, and 
repulsive forces known to affect the properties of liquid systems.* 

Strength of Acid—Anion Attractions—Complex-formation by the anions cannot be 
attributed to direct interaction with the dimeric forms of carboxylic acids, for Bell and 
Arnold * found that trichloroacetic acid, whilst dimeric in benzene, is entirely monomeric 
in dioxan. In addition, carboxylic acids have been stated to be monomeric in acetone.”* 
Since acid—anion interaction is evident in these solvents, the attractive forces involved 
must be greater than those operating in the dimerisation. Klemperer and Pimental ™ 
measured the dissociation pressures of trifluoroacetic acid over two compounds with its 
simple sodium salt. One of these was found to be CF,-CO,Na-2CF,°CO,H and the other 
probably CF,°CO,Na-CF,°CO,H. The heat of dissociation of the former was given as 
14 kcal./mole of acid, in contrast to the value of 7 kcal./mole for the dissociation of 
the acid dimer.2® These results are comparable with the figure of AH = 18 kcal. found 
for the ~F -- - HF ion,?* in contrast to the estimate of 10 kcal. given for the dissociation 
of HF ---HF bonds.?’ This greater strength must arise through the formal negative 
charge on the anion, with its provision of additional electrostatic energy. 

In spite of the known limitations of considering only the macroscopic dielectric constants 
and viscosities, there appears to be ample evidence, from the preceding arguments, that 
an exceptionally strong hydrogen-bonding attraction can exist between acids and their 
corresponding free anions in certain solvents, even though many interactions may modify 
the degree of association. 


EXPERIMENTAL 

Temperature readings were corrected. 

Handling was performed either in a closed system or in an efficient dry box, and all the 
exits of the apparatus were guarded by phosphoric oxide tubes. 

Materials —Reagents and solvents used were purified and dried, and the latter were freshly 
distilled before use. The fractionating apparatus consisted of a lagged 18 in. Fenske column, 
surmounted with a Whitmore—Lux head, and distillations were conducted at a 10:1 reflux 
ratio, with liberal rejection of head and tail fractions. 

Acetone (“ AnalaR ’’) was kept over anhydrous potassium carbonate for 7 days, then over 
anhydrous calcium sulphate for a similar period, with frequent shaking. The liquid was twice 
fractionated and the portion boiling at 56-1°/760 mm. reserved for use. This material had 
d¥ 0-7904, nP 1-3590, neq 0-316 centipoise, x 1 x 10-7 ohm™ cm.*. 

Acetonitrile (Eastman Spectroscopic Grade) was refluxed over phosphoric oxide for 8 hr. 
and twice fractionated. It had b. p. 81-7°/760 mm., d?° 0-7822, n® 1-3440, «x 1 x 107 
ohm cm.-}, 


20 Allen and Caldin, Quart. Rev., 1953, 7, 255. 

21 Davies, Ann. Reports, 1946, 43, 7. 

22 Bell and Arnold, J., 1935, 1432. 

23 Bell, Lidwell, and Vaughan-Jackson, ]., 1936, 1798. 

*4 Klemperer and Pimental, J. Chem. Phys., 1954, 22, 1399. 

?5 Lundin, Harris, and Nash, J. Amer. Chem. Soc., 1952, 74, 4654. 

26 Westrum and Pitzer, ibid., 1949, 71, 1940. 

2? Kreutzer, Z. physikal. Chem., 1943, 58, B, 213; Briegleb, ibid., p. 225. 
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Ethyl alcohol (Burrough’s “‘ Alcohol Dehydratum’’, B.P. 1948), dried with aluminium 
ethoxide,** and twice fractionated, had b. p. 78-3°/760 mm., d?° 0-7896, nP 1-3614, x 3 x 10% 
ohm cm.", 

Benzene was freed from thiophen in the usual manner ** and purified by repeated fractional 
crystallisation and distillation. The product, b. p. 80-1°/760 mm., f. p. 5-5°, d2° 0-8789, n? 
1-5010, was stored over sodium. 

1: 4-Dioxan was freed from acetal ** and partially frozen twice; the solid which separated 
was allowed to melt, and dried over potassium hydroxide. Refluxing over metallic sodium for 
8 hr. was followed by fractionation, to yield a product of b. p. 101-3°/760 mm., f. p. 11-8°, 
d¥ 1-0339, nP 1-4223. 

Triethylamine (from Imperial Chemical Industries Limited) was converted into its hydro- 
chloride and this was recrystallised from industrial alcohol until its m. p. was sharp and constant 
(254°), then treated with aqueous sodium hydroxide, the liberated base being dried over 
potassium hydroxide and twice fractionated over metallic sodium in an atmosphere of nitrogen. 
The product had b. p. 89-3°/760 mm., d7° 0-7280, d, 0-7463 —0-000927, nf? 1-4005. 

Tri-n-butylamine (Eastman ‘‘ White Label’’), dried over metallic sodium and twice 
fractionated over the metal in an atmosphere of nitrogen, had b. p. 68°/3 mm., d?° 0-7788, 
d‘, 0-7938 —0-000747?, n%? 1-4294. 

Pyridine (‘‘ AnalaR ’’) was fractionated twice and converted into its zinc chloride complex.*! 
The complex was crystallised twice from alcohol, and the base liberated with aqueous sodium 
hydroxide. Drying (KOH), followed by fractionation over barium oxide, gave material, 
b. p. 115-1°/760 mm., d7° 0-7832, d{ 1-0030—0-000997, ni? 1-5096. The method was tedious 
and wasteful. 

Dichloroacetic acid (B.D.H. ‘‘ Laboratory Reagent ’’), twice fractionated, had b. p. 82-5°/7 
mm., d2° 1-5647, di, 1-5931 —0-00142z. 

The other acids used were purified by the customary methods until m. p. was sharp and 
constant, and were stored in vacuo over phosphoric oxide for at least 12 hr. before use. 

Triethylammonium 3 : 5-dinitrobenzoate was prepared by adding triethylamine (5-05 g.) to 
a hot solution of the acid (10-6 g.) in acetone (25 ml.). The salt separated on cooling (79%, 
12-45 g.), and formed prisms, m. p. 155° (decomp.), from acetone or benzene (Found: C, 49-7; 
H, 6-0; N, 13-5. C,,;H,,O,N, requires C, 49-8; H, 6-1; N, 13-4%). 

Triethylammonium hydrogen bis-3 : 5-dinitrobenzoate separated as needles from a hot solution 
of 3 : 5-dinitrobenzoic acid (10-6 g.) and triethylamine (2-5 g.) in acetone (35 ml.) in 81% yield. 
Recrystallisation from acetone or benzene gave needles, m. p. 125-5° (Found: C, 45-7; H, 4-6; 
N, 13-3. Cy9H,30,2N, requires C, 45-7; H, 4-4; N, 13-3%). 

A pparatus.—Four “‘ Pyrex ’’ glass cells were used for the various conductimetric titrations, 
all of the form shown in Fig. 8. The electrodes were of platinum (0-01 in. thick) with tungsten 
leads. For the calibration, a cell was constructed according to the recom- 
mendations of Jones and Bollinger ** and standardised with 0-01p-potassium 
chloride.*3 This cell had « 1-2103, and the titration cells were calibrated from 
i | U this by stepwise measurements with various solutions of tri-n-butylammonium 
PY) (4 if picrate in nitrobenzene. These cells had constants of 1-091, 0-3864, 0-0533, 
= and 0-01678. The electrodes were covered with a “‘ greyed ’”’ platinum surface, 
except when alcohol solutions were used. For the latter, a duplicate cell was prepared, having 
bright unplatinised electrodes and with « 0-3326. 

The bridge used for the titrations was of the Kohlrausch pattern, fitted with a Campbell 
constant-inductance slide-wire, calibrated directly in ohms and operated by means of a slow- 
motion dial. A capacitance balance was inserted in the variable arm. This system was fed 
by a 1000 c/s oscillator, the out-of-balance signals being passed, by way of a transformer, 
through a two-stage amplifier and displayed with a cathode-ray oscillograph. The sensitivity 
somewhat exceeded the accuracy of reading when the signal varied from 0-5 to 2 v. 

The cell calibrations were carried out with a bridge designed largely from Luder’s 





28 Walden, Ulich, and Loun, Z. physikal. Chem., 1925, 114, 275. 

® Richards and Shipley, J. Amer. Chem. Soc., 1919, 41, 2002. 

3° Weissberger, ‘‘ Organic Solvents,’’ Interscience Pub. Inc., New York, 1955, 2nd Edn., p. 372. 
31 Heap, Jones, and Speakman, J. Amer. Chem. Soc., 1921, 43, 1936. 

32 Jones and Bollinger, ibid., 1931, 53, 411. 

33 Jones and Bradshaw, ibid., 1933, 55, 1780; cf. footnote, J., 1956, 4464. 
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recommendations,** the circuit being fitted with a Wagner earth, but the output was again 
amplified and balance indicated with a cathode-ray oscillograph. 

Technique.—For the titrations, a known volume of the solution was placed in the cell, and 
the whole kept at 20° + 0-1° (thermostat). Reagent was added from a calibrated microburette 
reading to 0-01 ml., inserted through the neck of the cell by means of a rubber stopper. After 
each addition, the whole assembly was vigorously shaken. The volume readings were converted 
to molar fractions by means of the known densities at the relevant temperature. If the reagent 
was added in small increments (equivalent to about 0-0003 equiv.), it was found that thermal 
conduction was sufficiently high to obviate detectable error due to heat of reaction. 

Viscosities were measured by means of No. 0 B.S.S. viscometers.*5 Access to moisture was 
prevented,** and each measurement recorded was the mean obtained from two different instru- 
ments, of constants 0-0006069 and 0-0006913 respectively. 

Dielectric constants were determined, during a titration, by drawing liquid upward into a 
Sayce—Briscoe pattern cell, kept at 25° + 0-1°. Particular care was taken to “‘ wash ”’ the cell 
after each addition and it was found necessary to use an oil-filled thermostat. The cell was 
connected to a simple resonance circuit and detector 7 by means of rigidly attached co-axial 
cable, and the capacitances were measured by means of a Muirhead Type A 411-B variable 
condenser. 

Densities were determined with a 10 ml. density bottle, and the results corrected for the 
buoyancy of air. Linear formule for the density of liquids were derived from deter- 
minations at 15°, 20°, 25°, and 30°, and the agreement with these results was within 
1 x 10° g./ml. , 


We thank Mr. F. E. Charlton for microanalyses, and Dr. C. C. Addison and Mr. L. T. D. 
Williams for helpful discussions. 


CHEMICAL DEFENCE EXPERIMENTAL ESTABLISHMENT, 
PorRTON, WILTs. (Received, September 5th, 1956.] 


* Luder, J]. Amer. Chem. Soc., 1940, 62, 89. 
%° British Standard Specification 188/1937. 

3¢ Jbid., appendix B, p. 28. 

37 Calderbank and Le Févre, J., 1948, 1951. 
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170. The Stereochemistry of the 3: 5-cycloCholestan-6-ylamines. 
By D. E. Evans and G. H. R. SuMMErRs. 


The configurations of the epimeric 3 : 5-cyclocholestan-6-ylamines have 
been established from their methods of formation and from their behaviour 
on deamination. 


SHOPPEE and SuMMERS? have shown that the i-steroid rearrangement, whereby deriv- 
atives of 36-hydroxy-A®-steroids afford 6-substituted 3 : 5-cyclosteroids, is a stereospecific 
reaction leading to a predictable configuration at Cig. From a study of the hydrogenation 
of the 3 : 5-cyclocholestan-6-ols, the 6-hydroxyl group in the alcohol formed by treatment 
of cholesteryl toluene-f-sulphonate (I) with potassium acetate in aqueous acetone? was 
shown to possess the axial §-configuration. Thus “7-cholesterol’’ and its epimer 
‘* epi-i-cholesterol,”’ the latter formed by reduction of 3 : 5-cyclocholestan-6-one (IV) with 
sodium-ethanol,! lithium aluminium hydride,!:* or aluminium isopropoxide,* are respec- 
tively 3 : 5-cyclocholestan-68- (IT) and -6a-ol (III). Further proof of these formulations is 
provided by the conversion of the $-alcohol (II) into its epimer (III) by treatment with 
sodium ethoxide at 190—200°. The isomer (III) is clearly the 6a-alcohol and arises by 
inversion of the axial 6$-structure to the more thermodynamically stable, equatorial 6- 
structure; the compound (III) is recovered unchanged after this treatment, consistently 


1 Shoppee and Summers, J., 1952, 3361. 

2 Beynon, Heilbron, and Spring, J., 1937, 1459. 

3 Wagner and Wallis, J. Amer. Chem. Soc., 1950, 72, 1047; Wagner, Wolff, and Wallis, J. Org. Chem., 
1952, 17, 529. 

* Heilbron, Hodges, and Spring, J., 1938, 759 
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with its method of preparation (reduction by sodium-ethanol) and the above epimerisation. 
The formation of the 6«-epimer by reduction of the ketone (IV) with lithium aluminium 
hydride, instead of the expected 6$-epimer (cf. reduction of cholestan-6-one! and its 
derivatives } 5), will be discussed in a future publication. 

These configurations at C;g) are nevertheless the reverse of those arrived at by Wagner, 
Wolff, and Wallis «6 from investigations on the dielectric constants of the 6-epimeric 


SS RS RS BS 
LO - at ~ aF- of 


© 
(I) (1) OH (IIT) (IV) 
M. p. 74—75° M. p. 85—86° 
(Ts = p-C,H,Me‘SO,) (aly +24° alm +81° 


3: 5-cycloandrostane-6 : 178-diols and bromination of the 3 : 5-cyclocholestan-6-ols (II and 
III). However, in a later publication Smith and Wallis ? regard “‘ i-stigmasteryl methyl 
ether”’ and “ epi-i-stigmasterol’”’ as the 68- and the 6a-epimer respectively, in agree- 
ment with the original view of Shoppee and Summers? and the further evidence now 
adduced. 

On the foregoing basis the substances described as 1-cholesterylamine ** 1° (Va; R= 
NH,), N-methyl-3 : 5-cyclocholestan-6-ylamine *1}12 (Vb; R = NHMe), NN-dimethyl- 
3 : 5-cyclocholestan-6-ylamine *® #3 (Vc; R = NMe,), N-benzyl-i-cholesterylamine ® 14 15 
(Vd; R = NH-CH,Ph), 7-cholesterylmalonic acid 1 [V; R = CH(CO,H),], and 6-phenyl- 
thio-3 : 5-cyclocholestane ?? (V ; R = SPh) have by analogy been assigned the 66-orientation. 
We now present further evidence that these assignments are correct. 

Solvolysis of cholesteryl toluene-f-sulphonate (I) with ammonia and substituted 
ammonias furnish, besides 38- and 3«-substituted A5-amino-steroids, dextrorotatory bases 
isolated via their ether-soluble hydrochlorides. Thus, the ester (I) with ammonia, methyl- 
amine, dimethylamine, and benzylamine yields the bases (Va—d). That these com- 
pounds are derivatives of 3 : 5-cyclocholestane has been demonstrated by direct conversion 
into known 3: 5-cyclosteroids and indirectly by cleavage in an acid medium to various 
36-substituted A5-steroids. Thus Julian, Magnani, Meyer, and Cole ® degraded N-benzyl- 
3 : 5-cyclocholestan-6$-ylamine (Vd) by hydrolysis of its chloramine, and isolated 3: 5- 
cyclocholestan-68-ylamine (Va); similar treatment of the hydrochloride of this base (Va) 
afforded 3 : 5-cyclocholestan-6-one (IV), identified by conversion into 36-chlorocholestan- 
6-one. Rearrangement of the benzyl derivative (Vd) in benzylamine by the benzyl- 
ammonium cation [CH,Ph-NH,]* gave N-benzylcholest-5-en-3$-ylamine. Attempted 
methylation of the amines (Va—c) with formic acid and formaldehyde described by 
Haworth et al.!° and by Labler and Sorm ?* yielded, in each case, cholesterol [some tertiary 
base (Vc) was formed from (Va)], and treatment of the tertiary base (Vc) with methyl 
iodide in acetone gave some cholesteryl iodide.1® Finally pyrolysis of the hydrochloride 
of the dimethyl derivative (Vc) in hydrogen chloride gave cholesteryl chloride.!* None of 
these transformations provides information about the stereochemistry at C;¢). 


5 Shoppee and Summers, J., 1952, 1787, 1790. 

Wolff and Wallis, J. Org. Chem., 1952, 17, 1361. 

Smith and Wallis, ibid., 1954, 19, 1628. 

Julian, Magnani, Meyer, and Cole, J. Amer. Chem. Soc., 1948, 70, 1834. 
Haworth, McKenna, and Powell, J., 1953, 1110. 

10 Haworth, Lunts, and McKenna, /., 1955, 986. 

11 Pierce, Shoppee, and Summers, /., 1955, 690. 

12 Labler and Sorm, Chem. Listy, 1954, 48, 1378. 

13 Labler, Sorm, and Czerny, ibid., 1953, 47, 418. 

Vavasour, Bolker, and McKay, Canad. J]. Chem., 1952, 30, 933. 

15 Pierce, Richards, Shoppee, Stephenson, and Summers, /., 1955, 694. 
16 Shoppee and Stephenson, /., 1954, 2230. 

17 Shoppee, Richards, and Summers, /., 1956, 4817. 


cee. @ 








908 Evans and Summers: The Stereochemistry of the 


3 : 5-cycloCholestan-6-one (IV) with hydroxylamine acetate gave, after chromato- 
graphy, 3 : 5-cyclocholestan-6-one oxime (VI), m. p. 128°, [«], +63° (Wallis, Chakravorty, 
and Ladenburg,!* and Heilbron, Hodges, and Spring * give melting points 143—144° and 


hy 


ne 
TsO 


(I) (v) ® 
Formula M. p. [cr] Ref. Formula M. p. (b. p.) [a] Ref. 
(Va) R=NH, ... 77—79° +34° a (Vc) R = NMe, ....... b. p. 116°/10% +61° 13 
84—85 +36 10 mm. 
77—18 +34 9 b. p. 164—166°/ +54 10 
Ac derivative ... 142—143 — a 0-05 mm. 
142—143 — 8 hydrochloride ...... 196—197° +45 10 
hydrochloride... 212—214 — 8 methiodide ......... 206—207 — 10 
(Vb) R = NHMe 52—54 +27 ll (Vd) R = NH°CH,Ph — 12 8 
57—58 +27 12 hydrochloride ...... 217—218 +27 8 
hydrochloride... 260—261* +37 ll Ref. (a), this work. 


* Decomp. 

122—123° respectively) which by reduction with lithium aluminium hydride furnishes 
exclusively, and in quantitative yield, 3 : 5-cyclocholestan-68-ylamine (Va) identical with 
the ammonolysis product of cholesteryl toluene-p-sulphonate (I). Reduction of the oxime 
(VI) with sodium-ethanol afforded the isomeric base 3 : 5-cyclocholestan-6a-ylamine (VII), 
b. p. 190—200°/0-03 mm., [«]) +60°, which on methylation gave cholesterol whilst 
pyrolysis of its hydrochloride afforded cholesteryl chloride, thus indirectly confirming that 
it is a 3: 5-cyclosteroid amine. This formulation of the epimeric bases is in accord with 
their methods of preparation. 

Recent studies on the steric course of deamination of alicyclic amines, ¢.g., cyclo- 
hexylamines, decalylamines, and indanylamines, have shown the reaction to be conform- 
ationally specific, that in general both equatorial and axial amino-groups afford by deamin- 
ation the appropriate ™ alcohol, but that for axial we the inversion 


(Va) NH, (VI) N-OH (VII) bat, 


BS ADS SS 
26026 


(II) OH (VIII) (III) OH 


(axial NH, —» equatorial OH) is accompanied by some retention and much elimination 
with the formation of olefins. The deamination of steroid amines (including 6-amines) 
conforms to this pattern of behaviour with one important difference. Steroid axial 
amines, without exception, react with retention of configuration, accompanied by elimin- 
ation, but with complete exclusion of inversion.™:21 

18 Wallis, Chakravorty, and Ladenburg, J. Amer. Chem. Soc., 1939, 61, 3483; cf. Wallis, Fernholz, 
and Gephart, ibid., 1937, 59, 137. 

18 Dauben, Tweit, and Mannerskantz, ibid., 1954, 76, 4420. 


20 Shoppee, Evans, and Summers, J., 1957, 97. 
21 Evans and Summers, J., 1956, 4821. 
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The steric course of deamination of the 3: 5-cyclocholestan-6-amines follows this 
generalisation ; 3 : 5-cyclocholestan-6«-ylamine (VII) yields 3 : 5-cyclocholestan-62-ol (III), 
whilst the 68-amine (Va) affords 3 : 5-cyclocholestan-68-ol (II) and 3 : 5-cyclocholest-6-ene 
(VIII). These results establish the correctness of the configurations assigned at C;.) in 
3 : 5-cyclosteroid amines and their derivatives. Two further products common to both 
deaminations were cholesterol and 3 : 5-cyclocholestan-6-one (IV). The former product 
arose from the rearrangement of the amines in the acidic reaction medium, a result which 
was verified by similar rearrangement of 3: 5-cyclocholestan-68-yl methyl ether to 
cholesterol under the conditions of deamination. The formation of 3 : 5-cyclocholestan- 
6-one (IV) cannot be adequately explained since under comparable conditions the 3 : 5- 
cyclocholestan-6-ols are not oxidised but are partially rearranged to cholesterol. 


EXPERIMENTAL 


[a], refer to CHC], solutions. 

Non-epimerisation of 3: 5-cycloCholestan-6a-ol [By G. D. PxutLiips].—3 : 5-cycloCholestan- 
6a-ol, [a], + 79° (859 mg.), was heated in ethanol (10 c.c.) containing sodium (800 mg.) in a sealed 
tube at 190° for 18 hr. Dilution with water precipitated the product which was extracted with 
ether in the usual way, to yield an oil, [«], + 78° (c, 1-12); i.e., no epimerisation had occurred. 

Epimerisation of 3: 5-cycloCholestan-68-ol—A solution of 3: 5-cyclocholestan-68-ol, [a], 
+ 23° (236 mg.), in ethanol (4 c.c.) containing sodium (250 mg.) was heated at 190° for 18 hr. 
The product, an oil, [x], +45° (230 mg.), was chromatographed on neutral aluminium oxide 
(11 g.). Elution with benzene gave a solid (143 mg.) which by crystallisation from cold aqueous 
methanol gave 3: 5-cyclocholestan-68-ol, m. p. 74°, [a], +22°. Elution with ether—benzene 
(1:9) gave, as an oil (87 mg.), 3: 5-cyclocholestan-6a-ol, [«]) +79° (c 1-1); i.e, 37% of 
conversion occurred. 

3 : 5-cycloCholestan-6-one Oxime.—3 : 5-cycloCholestan-6-one, m. p. 94—96°, [«], + 40°, 
was refluxed with hydroxylamine acetate in methanol, and the product (4 g.) was chrom- 
atographed on aluminium oxide (120 g.). Elution with ether—benzene (1 : 1), ether, and chloro- 
form furnished 3: 5-cyclocholestan-6-one oxime, m. p. 128°, [a], +63° (c 0-74) after 
crystallisation from methanol. 

3 : 5-cycloCholestan-68-ylamine.—3 : 5-cycloCholestan-6-one oxime (2 g.) was treated with 
lithium aluminium hydride (500 mg.) in refluxing ether overnight. The solution, worked up 
in the usual way, afforded an oil (1-6 g.) which was chromatographed on aluminium oxide 
(50 g.). Elution with benzene and ether gave a wax (1-5 g.) which by crystallisation from 
pentane afforded 3 : 5-cyclocholestan-68-ylamine, m. p. 77—78°, [a], +34° (c 0-96). Acetyl- 
ation with acetic anhydride in ether at 15° furnished 68-acetamido-3 : 5-cyclocholestane, m. p. 
142—143°. 

3 : 5-cycloCholestan-6a-ylamine.—3 : 5-cycloCholestan-6-one oxime (1 g.) was treated with 
sodium (12 g.) in refluxing ethyl alcohol (100 c.c.) for 3-5 hr. Excess of sodium was destroyed 
with alcohol, and the oily product (950 mg.) obtained in the usual manner was chromatographed 
on aluminium oxide (30 g.). Elution with benzene, ether, and methylene dichloride furnished 
3 : 5-cyclocholestan-6a-ylamine (900 mg.), b. p. 190—200°/0-03 mm., [a], + 60° (c 0-86) (Found : 
C, 83-6; H, 12-0. C,,H,,N requires C, 84-1; H, 12-3%). With acetic anhydride in ether at 
15° this afforded, after crystallisation from acetone, 6«-acetamido-3 : 5-cyclocholestane, m. p. 
213°, [a], +72° (c 0-76) [Found (after drying at 100°/0-03 mm. for 3 hr.): C, 81-3; H, 11-5. 
C,,H,,ON requires C, 81-4; H, 11-5%]. 

Attempted Methylation of 3 : 5-cycloCholestan-6a-ylamine.—The base (100 mg.) was treated 
with 90% formic acid (4 c.c.) and 40% formaldehyde (3 c.c.) at 100° for 3 hr. The solution 
was diluted and extracted with ether and the ethereal solution washed with sodium hydrogen 
carbonate solution and water, dried, and evaporated to an oil (75 mg.) which was 
chromatographed on aluminium oxide (3 g.). Elution with benzene—pentane (1:1) and 
benzene gave oils (30 mg.) whilst ether—benzene (1: 9) furnished a solid (39 mg.) which was 
crystallised from acetone to afford cholesterol, m. p. 146—148°. 

Pyrolysis of 3: 5-cycloCholestan-6a-ylamine Hydrochloride.—The hydrochloride, m. p. 286— 
288° (30 mg.), was heated at 290—295° for 5 min. in an atmosphere of hydrogen chloride. The 
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dark residue was extracted with ether and the oily product chromatographed on aluminium 
oxide (1 g.). Elution with pentane and crystallisation from acetone furnished cholesteryl 
chloride, m. p. 96°. 

Deamination of 3: 5-cycloCholestan-68-ylamine.—3 : 5-cycloCholestan-68-ylamine (1-95 g.) 
in 50% acetic acid (70 c.c.) and dioxan (20 c.c.) was treated with sodium nitrite (4 g.) in 50% 
acetic acid (30 c.c.) overnight at 20°. The mixture was diluted and neutralised at 0° with 
4n-sodium hydroxide. Extraction with ether, followed by washing with water, drying, and 
evaporation, gave an oil. Hydrolysis with methanolic potassium hydroxide and isolation of 
the product in the usual manner gave an oil (1-86 g.) which was chromatographed on aluminium 
oxide (60 g.). Elution with pentane (4 x 200 c.c.) gave an oil A (500 mg.) which failed to 
crystallise, and benzene—pentane (1:1; 4 x 200c.c.) gave an oil B (305 mg.). Elution with 
benzene gave a solid (210 mg.) which from acetone furnished cholesterol, m. p. 148°. 
Successive elution with ether—benzene (1:1) and ether yielded an oil (700 mg.) which with 
boiling acetic anhydride afforded 68-acetamido-3 : 5-cyclocholestane, m. p. 141°. Fraction A 
was rechromatographed on aluminium oxide (15 g.). Elution with pentane gave a series of 
oils (470 mg.) which by crystallisation from acetone—methanol gave a solid, m. p. 65—80°, 
{a}, —11° (c 1-2). Elution with benzene—pentane (1:9) gave material (20 mg.) which from 
acetone-methanol afforded 3 : 5-cyclocholestan-6-one, m. p. 96°. The pentane fractions were 
combined and treated with lithium aluminium hydride in refluxing ether for 2 hx. -Excess of 
reagent was destroyed with 4n-hydrochloric acid at 0°, and the solution worked up in the usual 
manner to furnish an oil (195 mg.) which was chromatographed on aluminium oxide (6 g.). 
Elution with pentane gave an oil (120 mg.) whence crystallisation from acetone gave 3 : 5-cyclo- 
cholest-6-ene, m. p. 72—73°, [a], —46° (c 1-0). Elution with benzene gave 3 : 5-cyclocholestan- 
6a-ol (70 mg.), [«],, + 80°, formed by reduction of the 3 : 5-cyclocholestan-6-one present. 

Fraction B was kept with acetic anhydride in pyridine overnight at 20°. The product, an 
oil (300 mg.), was chromatographed on aluminium oxide (8 g.)._ Elution with pentane furnished 
an oil (285 mg.) which from acetone afforded 3 : 5-cyclocholestan-68-yl acetate, m. p. 72—73°, 
[a], +50° (c 1-2). 

Deamination of 3: 5-cycloCholestan-6a-ylamine.—3 : 5-cycloCholestan-6«-ylamine (830 mg.) 
in 50% acetic acid (20 c.c.) and dioxan (10 c.c.) was treated overnight with sodium nitrite 
(1-6 g.) in 50% acetic acid (20 c.c.). Ice was added and the acetic acid neutralised with 
ammonia solution. The solution was extracted with ether, and the ethereal extract washed 
with water, dried, and evaporated to an oil which was treated with acetic anhydride in pyridine 
overnight at 20°. The product, a yellow oil (820 mg.), was chromatographed on aluminium 
oxide (20 g.). Elution with pentane (5 x 100 c.c.) gave an oil (248 mg.), [«], +50°, and 
benzene—pentane (1:9; 2 x 100 c.c.) gave cholesteryl acetate (134 mg.), m. p. 114° (from 
acetone). Elution with benzene and ether gave an oil (420 mg.) which in boiling acetic 
anhydride furnished 6a-acetamido-3 : 5-cyclocholestane, m. p. 213°. 

The fractions eluted with pentane were hydrolysed with 5% methanolic potassium hydroxide 
(50 c.c.) for 1 hr. and the product, an oil (230 mg.), was chromatographed on aluminium oxide 
(7 g.). Elution with pentane gave an oil (190 mg.) which slowly crystallised and by recrystallis- 
ation from acetone—methanol afforded 3 : 5-cyclocholestan-6-one, m. p. and mixed m. p. 95—96°. 
Elution with benzene gave an oil (35 mg.), [«],, + 65° (c 1-36), which was rechromatographed on 
aluminium oxide (1-5 g.). Elution with benzene gave as an oil (32 mg.), 3 : 5-cyclocholestan- 
6a-ol, [a], +79° (c 1-2). This with acetic anhydride-pyridine at 20° for 16 hr. gave, after 
chromatography, 3 : 5-cyclocholestan-6a-yl acetate as an oil, [x], + 100° (c 2-0). 

Attempted Oxidation of 3: 5-cycloCholestan-62-ol and -68-ol.—3 : 5-cycloCholestan-6a-ol 
(500 mg.) in 50% acetic acid (30 c.c.) and dioxan (20 c.c.) was treated overnight with sodium 
nitrite (1 g.) in 50% acetic acid (30 c.c.). The acid was neutralised at 0° with 4N-sodium 
hydroxide, and the product isolated in the usual manner was hydrolysed with 5% methanolic 
potassium hydroxide (100 c.c.) for l hr. The oily product (490 mg.) was chromatographed on 
aluminium oxide (15 g.). Elution with benzene (5 x 100 c.c.) gave 3: 5-cyclocholestan-62-ol 
(320 mg.), an oil, [a], +80° (c 2-1), and ether—benzene (1:4) gave cholesterol, m. p. 148° 
(150 mg.). 

3 : 5-cycloCholestan-68-ol (515 mg.) by similar treatment gave a product (500 mg.) which on 
chromatography on aluminium oxide gave 3 : 5-cyclocholestan-68-ol, [x], + 24° (c 2-3) (360 mg.), 
and cholesterol, m. p. 148° (123 mg.). 

Rearrangement of 3 : 5-cycloCholestan-68-yl Methyl Ether.—3 : 5-cycloCholestan-68-yl methyl 
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ether (390 mg.) in 50% acetic acid (10 c.c.) was left with sodium nitrite (800 mg.) in 50% acetic 
acid (10 c.c.) for 16 hr. at 20°. The solution was diluted, then extracted with benzene, and the 
benzene layer washed with sodium hydrogen carbonate solution and water, dried, and distilled, 
to furnish an oil which was hydrolysed with 5% methanolic potassium hydroxide. The oily 
product (380 mg.) was chromatographed on aluminium oxide (10 g.). Elution with pentane 
and benzene—pentane (1: 9) afforded an oil (250 mg.) which from acetone—-methanol furnished 
3 : 5-cycloholestan-68-yl methyl ether, m. p. 77—79°. Elution with benzene and ether—benzene 
(1:4) gave a solid (120 mg.) which by crystallisation from acetone yielded cholesterol, 
m. p. 148°. 


One of us (D. E. E.) acknowledges the financial support of Monsanto Chemicals Lté. We 
thank Professor C. W. Shoppee, F.R.S., for his continued interest and encouragement. 
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171. Electron Donor and Acceptor Complexes with Aromatic Systems. 
Part III.* Absorption Spectra of Some Benzoquinolines and of their 
Complexes with Bromine in Solution. 


By W. SLouGH and A. R. UBBELOHDE. 


Absorption spectra of 2: 3-, 3: 4-, 5: 6-, and 7: 8-benzoquinoline have 
been determined in cyclohexane solution over the range 2000—4000 A. For 
each substance complex formation with bromine in solution has been 
established and new charge-transfer bands are reported. Special techniques 
allow for the broad absorption regions of bromine in cyclohexane (2000—3000 
A) or 1: 2-dimethoxyethane (2600 A into the visible region), due to polar- 
isation or charge-transfer interaction with these solvent molecules. This 
effect is practically absent in solutions of bromine in perfluoromethylcyclo- 
hexane (C,F,,) in which bromine exhibits absorption much as in the vapour 
state (in the region 4100 A). 

Perfluoromethylcyclohexane does not dissolve either the heterocyclic 
molecules or their bromine complexes appreciably, and so cannot be used to 
investigate charge-transfer bands in solution. However, when any of the 
heterocyclic molecules is added to solutions of bromine in 1 : 2-dimethoxy- 
ethane, the broad absorption shrinks into a distinct much narrower band 
specific to each heterocyclic molecule. This behaviour is interpreted on the 
assumption that in these solutions the bromine forms complexes preferentially 
with the heterocyclic molecules. When the proportion of bromine in the 
complex (Br,),,C,;;H,N is increased progressively, only the narrow band 
characteristic of this complex is observed till y reaches about 2 or more. 
Beyond this the excess of bromine forms complexes with solvent and the 
much broader absorption region reappears. Comparisons between the 
behaviour of the heterocyclic molecules and of benzene in forming charge- 
transfer complexes with bromine are also recorded. 


DuRInNG purification of four isomeric benzoquinolines by chromatography and by other 
methods, before preparation of solid complexes with bromine or with sodium,}? a sensitive 
test was required for the purity of the organic substances. For this purpose, studies of 
the ultraviolet absorption spectra were combined with melting-point measurements, 
Results for the pure benzoquinolines are recorded in this paper. 

Absorption spectra of solutions of complexes of these heterocyclic molecules with 


* J., 1954, 720; 1955, 4089, are considered to be Parts I and II. 


1 Holmes-Walker and Ubbelohde, J., 1954, 720. 
2 Gracey and Ubbelohde, /., 1955, 4089. 
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bromine prove of exceptional interest. Bromine was readily removed from these solid 
complexes under a high vacuum and the compounds behaved as addition products (cf. 
Part V of this series, unpublished). In principle, bromine might add at the heterocyclic 
atom to form derivatives * of type (A). 

Charge-transfer complexes involving one or more of the aromatic nuclei, might also be 
formed by the additional successive bromine molecules, symbolised by the stages (B) and 


S s- S 8- 7 5- 
(Br,) : (Br,) (Br.) 
+F 4 > ¥ 
N N N 
(A) Br Br (B) (C) 


(C). And finally, the solvent molecules might in certain cases compete for the bromine 
with the heterocyclic molecules, to form association complexes, possibly involving charge 


b+ 5- 
transfer of the type (Solvent)(Br,). 

Three types of solvent have been tried. ; 

(i) Perfluoromethylcyclohexane C,F,, gives solutions of pure bromine whose absorption 
spectra are similar to those of gaseous bromine. This solvent thus appears not to form 
association complexes with bromine, but it had no appreciable solvent power for the 
heterocyclic substances or for their complexes with bromine, so that it could not be applied 
for the present purpose. 

(ii) cycloHexane gives solutions of pure bromine with marked absorption regions over 
2000—3000 A. It dissolves the heterocyclic molecules to a sufficient extent to permit 
determination of their absorption spectra in the pure state. On the other hand, the 
solubility of heterocycle-bromine complexes is very low. Solutions approx. 10m show no 
evidence of charge transfer, for reasons discussed below. Stronger solutions could not 
be obtained at room temperature. 

(iii) 1 : 2-Dimethoxyethane gives solutions of pure bromine with an extensive absorption 
regions from about 2000 A into the visible region. Solutions of the pure heterocyclic 
molecules give absorption spectra similar to those in cyclohexane. Solutions of the hetero- 
cycle—bromine complexes can be conveniently obtained in this solvent, with concentrations 
10-°°m or more at room temperature. Examination of their absorption spectra shows a 
fairly narrow charge-transfer band, characteristic of each heterocyclic molecule. However, 
when the bromine : heterocycle ratio exceeds about the composition (Br,),,ArN the excess 
of bromine seems to be attached preferentially to the solvent since the strong broad 
absorption reappears exactly as for the solutions of pure bromine. 

The experiments described serve to illustrate the competition in formation of complexes 
with bromine exerted by different kinds of attractive centres in the heterocyclic molecules, 
and by the solvent molecules. 


EXPERIMENTAL 


Properties of the Pure Benzoquinoline.—Absorption spectra in the various solvents were all 
measured on a Hilger Uvispek photoelectric spectrophotometer H700/302. 

Commercially pure organic heterocyclic compounds were further purified by chromatography 
through alumina (Peter Spence, Type H) with benzene as solvent, and elution with ether. 
Concentration of these ethereal solutions gave the crystalline heterocyclic compounds. They 
were then freed from residual solvent under a vacuum and finally just melted and then allowed 
to resolidify under a stream of pure nitrogen. M. p.s of the original and purified compounds 
were determined in sealed capillaries, filled at atmospheric pressure, as follows : 


Benzoquinoline...............++ 2: 3- 3:4 5 : 6- : 8- 
BE, Bi accesncccsevscccscseccsonesnne 108-5—109° 102-5—103-5° 85-5—86° 52-0—52-5° 


* Acheson, Hoult, and Barnard, J., 1954, 4142. 
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With these large aromatic molecules, m. p.s do not provide a very sensitive test for the 
absence of closely similar molecular structures, since these tend to remain in solid solution. 
Ultraviolet absorptions of the chromatographed and untreated compounds were compared in 
cyclohexane solution over the range 2000—4000 A, and showed that chromatography removed 
impurities to some extent. If, for acridine, the increase in peak absorptions is attributed to 
the presence of non-absorbing impurity in the original sample, the proportion of such impurity 
originally present and removed by chromatography would be about 6%. This altered the 
m. p. by about 3°. On chromatography yet once more there was no appreciable further change 
in the absorption curve. General practice was therefore to chromatograph the compounds 
only once. 

The ultraviolet absorption spectra of the purified molecu'es are recorded in Fig. 1. 

Formation and Absorption Spectra of Bromine Complexes.—Marked forces of interaction are 
exerted between molecules such as bromine and the heterocyclic molecules now studied. For 


Fic. 1. Absorption spectra of (A) 2: 3-benzo- Fic. 2. Charge-transfer absorption for (A) 





quinoline, (B) its adduct with 0-23 Br, (C) 7: 8-, Bro.3o—2 : 3-benzoquinoline, (B) Br3.7,-7: 8- 
(D) 5: 6-, and (E) 3: 4-benzoquinoline, and (F) benzoquinoline, (C) Bro.73—5 : 6-benzoquinoline, 
the adduct of the last with 2-80 Br. and (D) Bro.49—3 : 4-benzoquinoline. 
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example, a solid complex is precipitated from carbon tetrachloride solutions of acridine when 
bromine is added.* 

Other more direct methods of studying the interaction of bromine with the heterocyclic 
molecules in the solid state will be described in Part V (in the press). It is likewise important 
to know how these complexes behave in solution since this could throw light on the bonding 
in the solids. 

Solid complexes between bromine and the various heterocyclic molecules were prepared by 
direct addition (cf. Part V). Compositions were established by direct weighing. Spectra 
for two bromine adducts in cyclohexane are recorded in Fig. 1. 

The absence of any charge-transfer absorption band in Figs. la and d has been interpreted 
on the hypothesis that the bromine first forms complexes such as (A). If this is correct, in- 
creasing the proportion of bromine beyond the composition Br,,C,,H,N might permit subsequent 
bromine molecules to be attached to the aromatic nuclei by charge transfer. This possibility 
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could not be tested in cyclohexane since the solubility of the complexes at room temperature 
decreases steeply as the proportion of bromine increases. 
1 : 2-Dimethoxyethane was found to be a better solvent. It was purified by distillation 


and drying, and by chromatography on alumina and was practically transparent at wavelengths 
2000—4500 A when freshly prepared. 
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Absorption spectra of solutions of the complexes in this solvent were established by the 
“‘ difference ’’ method; two cells containing the same solution of heterocyclic substance in 
the ether were used, one of which also contained a known quantity of bromine (determined by 
titration). 

Typical difference spectra obtained in this way are recorded in Fig 2. 

In one case (5: 6-benzoquinoline) the effect of ‘“‘ loading’’ the heterocyclic molecule 
progressively with more bromine was determined, as recorded in Fig. 3. Fig. 4 records the 
absorption spectra of solutions of pure bromine in the three solvents. 
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DISCUSSION 


Spectra of Pure Benzoquinolines.—From the absorption spectra of 2: 3-, 3: 4-, 5: 6-, 
and 7 : 8-benzoquinoline in cyclohexane (Fig. la—d@) the following points emerge : 

(1) The absorption of acridine is greater than that of the other three isomers. For the 
absorption band in the 2500 A region the total oscillator strengths‘ are given by 


f =431 x 10° ¢.dv. These values have been obtained by graphical integration and the 


ratios are as follows : 


2 : 3-Benzoquinoline (acridine) ............... 2-18 5 : 6-Benzoquinoline 
3 : 4-Benzoquinoline (phenanthridine) ...... 1-43 7: 8- 


(2) Peaks at 3150 and 3300 A are present in the absorption curves for 5 : 6- and 7 : 8- 
benzoquinoline but are absent from the 3: 4-benzoquinoline curve. The absorption 
peak at 3450 A, present in the phenanthridine curve, is considerably higher in the 5 : 6- 
and 7 : 8-benzoquinoline curves, as is the intensity of the whole absorption from about 
3000 to 3800 A. 

The increased oscillator strength and narrower absorption peak of acridine, compared 
with the other isomeric benzoquinolines, indicate that in this molecule excited levels are 
relatively more closely spaced. These findings have a bearing on studies of solid complexes 
of acridine with sodium or with bromine, described in Part V. 

As also reported by Badger and Walker ® there appears to be no absorption band in 
the longer-wave region for phenanthridine which could be attributable to a transition of 
non-bonding nitrogen electrons to excited levels (n—n*) ; any such transition may be hidden 
under the group III absorption bands (ca. 2500 A). However, for 5 : 6- and 7 : 8-benzo- 
quinoline there exist two distinct absorptions (at 3150 and 3300 A) not shown by phenan- 
thridine; these together with a general increase in absorption in this region may be due 
to n—n* transitions. 

Absorption Spectra of Complexes with Bromine.—As stated above, both cyclohexane and 
1 : 2-dimethoxyethane show regions of marked absorption when they contain dissolved 
bromine. Curves are illustrated in Fig. 4. Similar effects have been previously reported 
for solvents such as heptane. They have been attributed to the formation of charge- 
transfer complexes which may be symbolised as dissociation equilibria (1) and (2) on the 


hi. 
C.H,, + Br, == (C,H,,)(Br.) (oe em ae oe 
K, = [ (CoHis)(Br) |/[ Br, ][CoH,e | 
f $+ ) §— 
(MeO),C,H, + Br, <= {(MeO),CH,}3r, 9... . Q) 


a [ {(ateo),C,H,} Br, |/[ (teo),C.H, | [ Br, | 


usual assumption that the bromine’ acts as acceptor. Perfluoromethyleyclohexane 
apparently does not form such complexes to any appreciable extent (Fig. 4) but 
unfortunately its solvent power is too low to permit its use as a solvent in a study of the 
complexes. Any complex formation between the heterocyclic molecules and bromine 
must therefore be studied in competition with the equilibria (1) or (2). 
For 1 : 2-dimethoxyethane, certain conclusions from Fig. 2 are clear. Each of the 
Chako, J. Chem. Phys., 1934, 2, 644. 
Badger and Walker, J., 1956, 122. 


‘ 

5 

* Evans, J. Chem. Phys., 1955, 23, 1424, 1426, 1429. 
7 Mulliken, J]. Amer. Chem. Soc., 1952, 74, 811. 
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heterocyclic molecules (ArN) is associated much more strongly with bromine than is the 
solvent. Equilibria such as: 


a 
ArN + Br, = ArN,Br, 


K, = [Ary,Br, ]/[Br, |[ Arn] 


3+ 2— 
and ArN + 2Br, == ArN,2Br, 


23+ 25— 2 
Ky = AtN,2Br, |/[ Br, | [ Arn | 
apparently have K, and K, much lower,than Kj. As a result, the broad absorption region 


+8 3— 
due to [(MeO),C,H,,Br,} vanishes, and the charge-transfer band characteristic of the 
complex can be studied. Similar experiments in which benzene is added to dimethoxy- 
ethane—bromine systems did not show any reduction of absorption, so that the affinity 
of benzene for bromine is relatively small compared with that of the other molecules now 
studied. 

The position of the charge-transfer band maxima is of interest in relation to the 
electronic properties of the heterocyclic molecule. The respective maxima are: 2: 3-, 
4000 A: 3:4,3550A; 5:6-,3700 A; and7: 8-benzoquinoline, 3750 A. 

On this interpretation of the charge-transfer bands observed in dimethoxyethane, it 
is of interest to study what happens as the heterocyclic molecule is loaded progressively 
with more bromine. Fig. 3 shows the results for 5 : 6-benzoquinoline. The other hetero- 
cyclic molecules have not yet been studied in this way, but similar behaviour is expected. 
It will be seen that a sharp absorption band is formed even for proportions of bromine as 
low as (Brg)g3g,ArN in this solvent and at this concentration. The first step in complex 
formation thus appears to be the formation of a polarisation bond with the aromatic 
nucleus, by charge transfer. Any formation of a compound such as (A) remains subsidiary, 
if the absorption spectra attributed to such ions have been correctly described.? Even 
with the complex (Br,),.,,ArN the band has not shifted appreciably at its short-wave- 
length edge, though is has extended more towards the visible. Tentatively this could be 


s— 5+ 8 
taken to imply that the system (Br,),ArN,(Br,) exhibits a second absorption band at 


S 6+ 
somewhat longer wavelengths compared with the less loaded molecule Br,,AtN. 

The possibility that one of the bromine molecules is held at the nitrogen atom rather 
than by charge transfer with the aromatic nucleus cannot at present by excluded. But 
it is an unnecessary hypothesis since at least one of the bromine molecules must be held at 
the aromatic part of the molecule. 

When the loading exceeds the composition (Br,),,ArN, sufficient free bromine is present 
to form association complexes with the solvent, in regions of much shorter wavelength. 

Substitution of electron-donating methyl groups in place of hydrogen in the aromatic 
molecule has been shown to move the charge-transfer band maxima to longer wavelengths.§® 
The present findings thus suggest that the sequence of decreasing power of electron- 
donation is 2: 3- > 7: 8- > 5: 6- > 3: 4-benzoquinoline. 

If the usual assumption is made that one of the two canonical structures involves 
electron transfer from the aromatic molecule to the bromine : 


+ om 
(C,,H,N),Br, C,,H,NBr, 
then the simplest interpretation of the relative positions of the maxima of the charge- 
transfer bands is that the electron-donating energy levels in the heterocyclic molecules 
lie at increasing intervals above the ground states, in sequence 2: 3-, 7: 8-, 5: 6-, 3:4 
benzoquinoline. This interpretation may not be valid if the polarisabilities of the hetero- 
® Keefer and Andrews, J. Amer. Chem. Soc., 1950, 72,4677. 
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cyclic molecules are very different, as is perhaps indicated by the oscillator strengths of 
absorption bands for the pure substances (see above). 

Formation of ‘‘ Bromodinium Bromides.’’—The absence of charge-transfer bands in dilute 
cyclohexane solutions, even when the proportion Br : ArN is as high as 3-8 : 1 may be due 
to the large value of the dissociation constants of the complexes in cyclohexane at room 
temperature. An alternative explanation is that in cyclohexane the first molecule of 
bromine adds to these heterocyclic aromatic molecules to form “‘ bromodinium bromides,”’ 
a typical structure being (A). In the light of the present findings, previous spectro- 
scopic evidence* in support of this suggestion loses much of its force, since the solid 
complexes might simply dissociate into their components in solution, as stated above. 
On the other hand, formation of ‘‘ bromodinium bromides ”’ as the first step when bromine 
is added in cyclohexane solutions, would help to account for the minor changes observed in 
the absorption spectra where charge-transfer bands are not found (Figs. la and d). The 
low solubility in cyclohexane of bromine addition products with these heterocyclic mole- 
cules is likewise possibly due to the salt-like structure of “ bromodinium ”’ derivatives. 
A more problematical point about the positions of maximum absorption may be briefly 
mentioned. Cationic ionisation of acridine in hydrochloric acid shifts the ultraviolet 
absorption. Acridine and its derivatives are still far too complex to allow treatment by 
the spectral theories of Sklar, Forster, or Mulliken; but Lewis and Calvin’s approximation 
appears to be of relevance in discussion of shifts of absorption peaks to longer wavelengths, 
observed with the higher bromo-complexes. Briefly, the theory correlates the process 
of light absorption of a molecule with excitation of electric charge in that molecule. The 
electric vector of the exciting light is then assigned either to the x direction (greatest 
length of molecule) or to the y direction at right angles to it. Any change in a molecule, 
either substitution or ionisation, which increases the contribution of charged structures 
in the ground state will increase the wavelength of the corresponding maximum absorption. 
Amax, IS governed by the separation of ground states and the first excited levels; any 
increased importance of charged structures due to substitution or ionisation reduces E 
and so gives bathochromic shifts. 

A bathochromic shift of 50 A (about 1 kcal.) is observed for the band of Br3.,,—acridine 
complex in 1 : 2-dimethoxyethane. 

In the ultraviolet absorption of sodioanthracene in diethyl ether, production of the 
complex shifts the absorption bands to longer wavelengths; electron-transfer in the 
bromine complex here described appears to parallel that for sodioanthracene. In view of 
these considerations, in the present complexes bromine may also be acting as donor, not 
as acceptor as is usually supposed. 

In solutions the loading of polynuclear aromatic molecules with donor or acceptor 
groups at successive fused-ring positions seems a novel suggestion. It is theoretically 
conceivable, since in crystal compounds such progressive loading apparently leads to quite 

strong retention, ¢.g., of bromine (cf. Part V). With the benzo- 

S+ S quinolines the progressive increase in the charge of the aromatic 

{8r2) =] i molecule if this acts as donor (i) in “‘ bromodinium ” formation 

ti7 and (ii) in charge-transfer processes must ultimately set an 

(p) Br pr- Clectrostatic limit to the loading process. If the bromine 

r 

molecules act as acceptors at one part of the molecule and as 

donors at another part in a quasimetallic arrangement (D), the high retentivity of the 
benzoquinolines for bromine would be easier to understand. 

Comparable studies on aromatic homocyclic molecules are in train but are often ham- 
pered by actual chemical interaction of the bromine with the aromatic molecule. This 
will be further discussed in Part V. 

DEPARTMENT OF CHEMICAL ENGINEERING, 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
S. KENnsincTon, Lonpon, S$.W.7. [Received, July 30th, 1956.) 
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172. Electron-donor and -acceptor Complexes with Aromatic Systems. 
Part IV.* An Improved Method of preparing Metal Addition Com- 
plexes with Aromatic Systems. 


By W. SLoucH and A. R. UBBELOHDE. 


Direct addition of alkali metals to aromatic molecules gives compounds whose electronic 
properties in the solid state depend? on the proportions of alkali metal to aromatic 
molecules M,A,. However, such compounds are often tedious to prepare by conventional 
methods,? and the long reaction times magnify risks of oxidation. It has been shown * 
that ethers with a high O : C ratio are desirable as solvents for efficient reaction. Suitable 
ethers include 1 : 4-dioxan and 1 : 2-dimethoxyethane. Even with such ethers, prepar- 
ation times are undesirably long, especially for the alkali-rich complexes. In an investig- 
ation of sodium addition complexes formed by four isomeric benzoquinolines, three types 
of preparation have now been compared, viz.: (1) Direct reaction of sodium wire with the 





benzoquinoline dissolved in diethyl ether. (2) Direct reaction of sodium with the isomer 
in boiling dimethoxyethane or dioxan. (3) Ultrasonic activation of a sodium cube, in 
a solution of the heterocyclic compound in diethyl ether or dimethoxyethane The 
ultrasonic method (3) proved to have marked advantages and is briefly described. 


A diagram of the apparatus is illustrated. A is the Mullard 1 agnetostrictor 25 kc. 
transducer head, to which was fused a stainless steel probe B. The length of this was adjusted 
to give the maximum output of energy to sodium metal contaii~ i in a stainless steel screw-on 
basket C. Nitrogen was passed in at D to protect the reactants, and a reflux condenser was 
attached at E. The steel probe was passed through a rubber gasket F which was protected 
from organic vapours by a Polythene disc G. Up to 1 kw pr mat’ powe~ consumption was. 
provided for, but with the compounds studied it was not con: iient to use more than about 
200 w. In any run sodium was introduced into C, and the solv it (50 ml.) then syphoned in to 


* Part III, preceding paper. 

1 Holmes-Walker and Ubbelohde, J., 1954, 720; Gracey andl -ei»hde, J., 1955, 4089. 
? Schlenk and Bergmann, Annalen, 1930, 479, 42. 

3 Scott, Walker, and Hansley, J. Amer. Chem. Soc., 1936, 58, 2442. 
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a convenient level. It was verified that ultrasonic activation of the sodium showed no 
perceptible change in the pure solvent. On addition of about 1 g. of the benzoquinoline 
(phenanthridine) the characteristic red-orange colour of the sodium complex was produced 
immediately. After about 15 min. the solution was full of a red-brown complex. Previous 
preparation of this red-brown complex had shown it to contain about 1 g.-atom of sodium 
per mole of heterocyclic substance. Further activation up to about 45 min. produced a dark 
brown-black product which on isolation and analysis had the composition Na,5,C,,H,N. An 
analogous dark complex had the composition Na, 4,C,;H,N previously prepared without ultra- 
sonics; this required 48 hours’ reaction time in diethyl ether. Thus ultrasonic activation 
greatly facilitates the production of these complexes. The reaction started in the cold; no 
heating was required, though some warming takes place through the action of the ultrasonic 
waves on the liquid. The fact that the solution need not be raised to the b. p. of the solvent 
could be an added advantage with certain labile systems. With sluggish aromatic molecules 
heating to the b. p. of the solvent could further activate complex formation. Reaction could 
be stopped at any stage to yield complexes of intermediate composition. It seems likely that 
ultrasonic dispersion will prove of general benefit in reactions involving the formation of 
addition complexes between organic molecules and alkali metals. For other reactions involving 
metals where bond rupture is involved, as in Wurtz or Grignard reactions, the use of ultrasonics 
should likewise prove helpful for those cases where the rate-controlling step arises at the metal- 
solvent interface. 


DEPARTMENT OF CHEMICAL ENGINEERING, . 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
S. KENsINGTON, Lonpon, S.W.7. (Received, August 2nd, 1956.} 





173. The Preparation of 2:2-Dimethyl- and 2: 2: 6-Trimethyl- 
cyclohexanone. 
By F. E. Kine, T. J. Kinc, and J. G. Top iss. 


THE preparation of 2 : 2 : 6-trimethylcyclohexanone has been studied in connexion with the 
recent synthesis of (-+-)-ferruginol.1_ The two most satisfactory methods found in the 
literature are those of Sobotka and Chanley ? and of Attenburrow e¢ al.,3 but they involve 
considerable fractionation of the product, the former by crystallisation of semicarbazones 
and the latter through an 80-plate column. The method shown by the annexed formule 
has been worked out and is believed to be convenient for moderate quantities of the ketone. 





CH-OH 
oe aoe 
oO re) re) 
Me Me, Me, 
(I) (II) | (IIT) 
- = 
™~ 
Me 
M H-OM 
atlas CHO 4 —er 
12) 12) 
s ° 
(IV) Me, Me, Me, 


The ready accessibility of pure 6-hydroxymethylene-2 : 2-dimethylcyclohexanone 
(III) by the above procedure makes possible an easy synthesis of pure 2 : 2-dimethyl- 
cyclohexanone from 2-methyleyclohexanone since the hydroxymethylene compound is 
hydrolysed almost quantitatively by aqueous alkali to the 2: 2-dimethyl ketone (II). 

1 F. E. King, T. J. King, and Topliss, Chem. and Ind., 1954, 108; J., 1957, 573. 


2 Sobotka and Chanley, J. Amer. Chem. Soc., 1949, 71, 4136. 
* Attenburrow, Cameron, Chapman, Evans, Hems, Jansen, and Walker, J., 1952, 1094. 
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The over-all yield from 2-methylcyclohexanone was 44%, a considerable improvement 
on the hitherto known methods for the preparation of this ketone.* *8 


Experimental.—Methylation of 2-methylcyclohexanone. The procedure given by Haller 
and Cornubert * was modified as follows. To a mechanically stirred suspension of sodamide 
(49 g., 1 mol.) in dry benzene (400 c.c.) was added 2-methylcyclohexanone (140 g., 1 mol.) 
during $ hr., whereupon there was a copious evolution of ammonia and the temperature rose to 
60—80°. The formation of the sodio-derivative was completed by 3 hours’ refluxing. The 
mixture was then cooled in ice, and methyl iodide (213 g., 1-2 mols.) added during 1} hr. After 
being refluxed for 2 hr., the mixture was kept overnight and treated with water (450 c.c.) to 
remove the sodium iodide. The benzene was removed through a short fractionating colunm 
and the residue shaken mechanically with a solution of sodium metabisulphite (40 g.) in water 
(100 c.c.) for l hr. The sulphite layer was separated and the process repeated, after which the 
mixed ketones were washed and dried (K,CO,). Distillation gave the mixed 2: 2- and 2: 6-di- 
methylcyclohexanones (116 g., 72-5%), b. p. 170—171°/772 mm. 

6-Hydroxymethylene-2 : 2-dimethylcyclohexanone (III). The procedure of Johnson and 
Posvic 5 was followed except that the dimethylcyclohexanone mixture was used instead of pure 
2 : 2-dimethylcyclohexanone, and the product had b. p. 102—103°/25 mm. (yield 60—70%) 
(Johnson and Posvic § give b. p. 79—80°/11 mm.). 

2:2: 6-Trimethylcyclohexanone (IV). 6-Hydroxymethylene-2 : 2-dimethylcyclohexanone 
(36-7 g., 1 mol.), methyl iodide (68 g., 2 mols.), and freshly ignited potassium carbonate (66 g., 
2 mols.) in dry acetone (250 c.c.) were refluxed for 36 hr.; a test portion then gave only a slowly 
developing violet colour with ferric chloride. Dry ether (100 c.c.) was added, and after 15 min. 
the precipitated potassium iodide was filtered off; 2N-hydrochloride acid (50 c.c.) was then 
added and the solution kept at room temperature for 6 hr. After the addition of anhydrous 
potassium carbonate, the mixture was stirred for 5 min. and the liquid decanted and allowed to 
stand over a fresh potassium carbonate for several hours. The addition of dry ether (100 c.c.) 
precipitated a further quantity of solid which was removed, and the filtrate was concentrated. 
The residue (38 g.) was shaken in ether (150 c.c.) with 2N-sodium hydroxide (3 x 25c.c.). The 
ether was removed and the residue (33-9 g.) treated with 2n-hydrochloric acid (10 c.c.) in 
methanol (50 c.c.) for 15 hr. at room temperature. Addition of water (150 c.c.), and extraction 
with ether (2 x 100 c.c.}, the extract being washed with 2N-sodium hydroxide (3 x 25 c.c.), 
gave, on evaporation of the ether, 6-formy]-2 : 2 : 6-trimethylcycilohexanone which was refluxed 
for 1 hr. with 15% aqueous sodium hydroxide. Extraction with ether (2 x 75 c.c.) afforded 
a yellow liquid (20-45 g.), b. p. 179—181°/765 mm., which when redistilled gave 2: 2: 6-tri- 
methycyclohexanone (19-1 g.), b. p. 179—180°/763 mm., ni? 1-4508, in 22-3% overall yield 
from 2-methylcyciohexanone. The semicarbazone crystallised from ethanol as rods, m. p. 
207—209°, and the oxime crystallised from aqueous ethanol in rods, m. p. 102-5—103-5°, 
unchanged on further recrystallisation. The m. p. (101—102°) of the oxime, as crystallised 
directly from the reaction mixture, was evidence of the homogeneity of the ketone. Sobotka 
and Chanley* give b. p. 178-7—179°/767 mm., n?? 1-4480, semicarbazone, m. p. 207—209°, 
oxime, m. p. 103°. Attenburrow et al. give b. p. 178°, n° 1-4493, semicarbazone, m. p. 209—211°. 

2 : 2-Dimethylcyclohexanone (II). The procedure described above for the preparation of 
6-hydroxymethylene-2 : 2-dimethylcyclohexanone was followed up to the point of obtaining 
the solution of the hydroxymethylene compound in alkali. This solution was then steam- 
distilled, and the volatile ketone was extracted with ether, the ethereal solution giving 2 : 2-di- 
methyleyclohexanone, b. p. 170—171°/765 mm., ni®* 1-4492 (semicarbazone, m. p. 199—200°; 
oxime, m. p. 92—93°). From 43-9 g. of dimethylcyclohexanone mixture there were obtained 
26-6 g. (60-5%) of 2: 2-dimethylcyclohexanone. The over-all yield from 2-methylcyclohexanone 
was 44%. Adamson, Marlow, and Simonsen * give b. p. 169—170°/768 mm., n? 1-4460. 
Chanley ® gives b. p. 170—170-5° (corr.)/761 mm., n? 1-4482, semicarbazone, m. p. 199—201°, 
oxime, m. p. 93—94°. Attenburrow et al.$ give b. p. 173°, n?? 1-4486. 


Tue UNIVERSITY, NOTTINGHAM. (Received, September 6th, 1956.) 


* Haller and Cornubert, Bull. Soc. chim. France, 1927, 41, 367. 

5 Johnson and Posvic, J]. Amer. Chem. Soc., 1947, 69, 1361. 

® Cornforth and Robinson, J., 1949, 1855. 

7 F. E. King and T. J. King, J., 1954, 1373. 

8 (a) Adamson, Marlow, and Simonsen, J., 1938, 774; (b) Chanley, J. Amer. Chem. Soc., 1948, 70, 246; 
(c) Elliot and Linstead, J., 1938, 776; (d) Colonge and Duroux, Bull. Soc. chim. France, 1940, 2, 459. 
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174. The Preparation of 2-(5-Methyl-1-naphthyl)ethyl Bromide. 
By J. C. BARDHAN, D. Nasipuri, and D. N. MUKHERJI. 


In connection with the synthesis of polycyclic compounds ! we required 2-(5-methyl-1- 
naphthyl)ethyl bromide which is best prepared in quantity as follows. 1-Chloromethyl-5- 
nitronaphthalene ? on hydrogenation over collodial palladium yielded 1-amino-5-methyl- 
naphthalene, this method being superior to that involving the sulphonation of 1-methyl- 
naphthalene, followed by nitration and reduction of the product.* By the modified 
Sandmeyer procedure * the amine was smoothly converted into 1-bromo-5-methylnaphthal- 
ene,® the Grignard compound of which condensed with ethylene oxide, yielding 2-(5- 
methyl-l-naphthyl)ethyl alcohol. The latter, on treatment with phosphorus tribromide 
in the usual way, gave the bromide in excellent over-all yield. 


Experimental.—1-A mino-5-methylnaphthalene. 1-Chloromethyl]-5-nitronaphthalene, m. p. 
98—99° (Short e# al.,2 m. p. 96—98°) (18 g.), acetone (100 ml.), palladium chloride (0-1 g.), 
gum arabic (0-1 g.), and water (5 ml.) were shaken in hydrogen until 4 mol. had been absorbed 
(8—10 hr.). The liquid which contained the hydrochloride of the base in suspension was 
evaporated and the free base liberated with aqueous ammonia. It had m. p. 76—77° (from 
ethanol) (Vesely e¢ al.,3 m. p. 77—78°) (Found: C, 84-2; H, 6-9. Calc. forC,,H,,N: C, 84-1; 
H, 7-0%). The benzoyl derivative had m. p. 172° (Vesely et al.,3 m. p. 173—174°). 

1-Bromo-5-methylnaphthalene. A solution of l-amino-5-methylnaphthalene hydrochloride 
(15 g.) in concentrated hydrochloric acid (35 ml.) and water (165 ml.) was cooled in a freezing 
mixture and diazotised with sodium nitrite (6 g.) in water (20 ml.). The solution was mixed with 
a suspension of mercuric bromide (mercuric nitrate, 20 g.; sodium bromide, 30 g., water, 100 
ml.) and stirring continued for 0-5 hr. more. The yellow insoluble precipitate (35—40 g.) was 
collected, washed with water and acetone, and dried in air. It was then mixed with twice 
its weight of finely powdered sodium bromide and gently heated‘ until decomposition was 
complete (1 hr.). After cooling, the mass was extracted with benzene, and the organic layer 
washed with dilute hydrochloric acid, aqueous sodium hydroxide, then with water, dried, and 
distilled, giving 1-bromo-5-methylnaphthalene (8 g.), b. p. 130°/4 mm., m. p. 61—62° (Vesely 
et al.,5 63—-64°) (Found: Br, 36-5. Calc. forC,,H,Br: Br, 36-2%). 

2-(5-Methyl-1-naphthyl)ethyl alcohol. To an ice-cold solution of Grignard reagent prepared 
from 1-bromo-5-methylnaphthalene (30 g.), activated magnesium (7-2 g.), ethyl bromide 
(9 ml.), and ether (300 ml.), was gradually introduced, with shaking, ethylene oxide (40 g.) in 
ether (100 ml.). The mixture was kept in ice over-night and the ether distilled off. The 
residue was decomposed with ice and hydrochloric acid, and the product was collected in ether, 
dried and distilled, giving the alcohol (22 g.), b. p. 162—163°/3 mm., 154—155°/0-5 mm. (Found : 
C, 83-7; H, 7-6. C,,;H,,O requires C, 83-9; H, 7-5%). 

2-(5-Methyl-1-naphthyl)ethyl bromide. This bromide was prepared from the alcohol (20 g.), 
carbon tetrachloride (30 ml.), and phosphorus tribromide (5-2 ml.) in the usual way, and formed 
a colourless oil (16 g.), b. p. 149—152°/3 mm. (Found : Br, 32-3. C,,H,,Br requires Br, 32-1%). 


UNIVERSITY COLLEGE OF SCIENCE, CALCUTTA. [Received, September 10th, 1956.) 


1 Nasipuri, Thesis, Calcutta, 1954; Bardhan and Nasipuri, J., 1956, 350; Bardhan, Adhya, and 
Bhattacharyya, ibid., p. 1346. 

2 Short and Wang, J., 1950, 991. 

3 Vesely, Stursa, Olejnicek, and Rein, Coll. Czech. Chem. Comm., 1929, 1, 493; Haworth and Mavin, 
J.. 1932, 2722. 

* Newman and Wise, J]. Amer. Chem. Soc., 1941, 68, 2847; Schwechten, Ber., 1932, 65, 1605; 
Ruzicka and Morgeli, Helv. Chim. Acta, 1936, 19, 382; Bachmann and Boatner, J. Amer. Chem. Soc., 
1936, 58, 2194. 

5 Vesely, Stursa, Olejnicek, and Rein, Coll. Czech. Chem. Com., 1930, 2, 145. 
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175. The Addition of Ethyl Diazoacetate to Sorbic Esters : 
A Correction. 
By Martin G. EttiinGer, S. H. HARPER, and Flynt KENNEDY. 


RECENTLY Harper and Reed! examined the addition of ethyl diazoacetate to methyl 
sorbate and to methyl a-methylsorbate as a route to the adduct (I) and (II), respectively, 
preparatory to the synthesis of chrysanthemumdicarboxylic acid (III).” 


CH-CO3H CH-CO3H CH-CO,H 
ri 2 ¥ 2 
MeCH MeCH Me,C 
™ ‘\ 
CH-CH:CH-CO,H CH-CH:CMe-CO,H CH-CH:CMe-CO,H 
(I) (II) (111) 


To elucidate the configurations (about the cyclopropane ring) of the pair of adducts (I), 
m. p.s 184° and 195° respectively, they were degraded to the ‘“ known ”’ 3-methyleyclo- 
propane-l : 2-dicarboxylic acids (IV)—(V]I). 


CO,H COH CO,H CO.H 
H R Me H H H Me CH: CH- CO,H 


ddonaeby ac VI); R=CO,H 
IV) ;R=CO,H );R= 
ev) . (VIII); R= CH:CH-CO,H | ' (IX) 
(VII) ;R=CH:CH-CO,H (X);R=CH:CH-CO,H 


The identity and configurations assigned to these acids by Goss, Ingold, and Thorpe 3 
being accepted, the adduct, m. p. 184°, gave the cis-cis-acid (VI) from which it followed 
that the adduct had structure (X). Similarly the adduct, m. p. 195°, gave the érans- 
3: cts-2-acid (V), from which it followed that the adduct had structure (VIII). It was 
further concluded that addition of ethyl diazoacetate to the y3-ethylenic bond of methyl 
sorbate had occurred both with and without inversion at one of the y or the 8 carbon atoms. 

However, a re-examination by two of us* of the identity and configurations of the 
3-methylcyclopropane-l : 2-dicarboxylic acids and their relation to Feist’s acid, now 
proved to be 3-methylenecyclopropane-l : trans-2-dicarboxylic acid,> has shown the 
above conclusions to be invalid. 

Catalytic hydrogenation of Feist’s acid gives a 3-methylcyclopropane-1 : 2-dicarboxylic 
acid, m. p. 138°, passing into a dimorphic form, m. p. 150°, which must have the trans- 
configuration (IV), postulated by Feist. (The “ trans-acid,” m. p. 195°, obtained by 
Goss, Ingold, and Thorpe does not appear to be a 3-methylcyclopropane-1 : 2-dicarboxylic 


1 Harper and Reed, J., 1955, 779. 

* Harper, Sleep, and Crombie, Chem. and Ind., 1954, 1538; Crombie, Harper, and Sleep, in 
preparation. 

* Goss, Ingold, and Thorpe, J., 1923, 128, 3342. 

* Ettlinger and Kennedy, in preparation; Kennedy, Thesis, The Rice Institute, May 1956. 

5 Ettlinger, J]. Amer. Chem. Soc., 1952, 74, 5805; Lloyd, Downie, and Speakman, Chem. and Ind., 
1954, 492; Ettlinger and Kennedy, ibid., 1956, 166; Kende, ibid., 1956, 437, 544; Petersen, idid., 
1956, 904; Bottini and Roberts, J]. Org. Chem., 1956, 21, 1169. 

* Feist, Annalen, 1924, 436, 125. 
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acid at all). Comparison by mixed melting points of the di-f-nitrobenzyl and the di-/- 
bromophenacy] esters of acid (IV) with the derivatives of the acid obtained from ozonis- 
ation of the adduct (I), m. p. 195°, showed their identity. Hence the configuration of 
the adduct, m. p. 195°, is not (VIII) but (VII) or (IX), of which the former appears the 
more probable (see below). The trans-3-methylcyclopropane-l : cis-2-dicarboxylic acid 
(V), m. p. 140°, results as the ester from decomposition of the pyrazoline adduct ? of ethyl 
trans-crotonate and ethyl diazoacetate, forms an anhydride, m. p. 80°, and is inter- 
convertible with (IV) by standard methods. Comparison of the di-p-nitrobenzyl ester of 
acid (V) with that obtained on degradation of the adduct (I), m. p. 184°, established their 
identity. Hence the configuration of the adduct acid, m. p. 184°, is not (X) but (VIII). 
‘The cis-3-methyleyclopropane-l : cis-2-dicarboxylic acid (VI), m. p. 131°, is best prepared 
by hydrogenation of 3-methylenecyclopropane-l : cis-2-dicarboxylic acid, readily obtained 
as the anhydride from Feist’s acid, and can be interconverted with (IV). The acid, m. p. 
108°, previously reported as (VI) ? was probably a mixture of acids (VI) and (V)}. 

The stereochemistry of the addition of ethyl diazoacetate to the y8-ethylenic bond of 
methyl sorbate can now be rationalised, for if the adduct m. p. 195°, is (VII) rather than 
(IX), then it and the adduct (VIII), m. p. 184°, are the normal cis-trans pair formed by 
addition without inversion of the olefinic bond. The explanations advanced by Harper 
and Reed ! and by Inouye and Oyno § to account for the apparent inversion of the olefin 
are no longer necessary. . 


This work was supported by a Frederick Gardner Cottrell Grant from the Research 
Corporation. 


THE W. M. Rice INSTITUTE, ; 
Houston, Texas, U.S.A. (M. G. E. anp F. K.). 


UNIVERSITY COLLEGE OF RHODESIA AND NYASALAND, 
SALISBURY, S. Ruopesra (S. H. H.). [Received, September 18th, 1956.] 


7 von Auwers and Konig, Annalen, 1932, 496, 252. 
§ Inouye and Ohno, Bull. Inst. Chem. Res., Kyoto Univ., 1955, 38, 237; Botyu-Kagaku, 1956, 20, 136. 


176. The Kinetics and Mechanisms of Aromatic Halogen Substitution. 
Part IV.* Rates of Bromination of Benzene and of Hexadeutero- 
benzene by Aqueous Hypobromous Acid containing Perchloric Acid. 


By P. B. D. DE LA Marg, T. M. Dunn, and J. T. HARVEy. 


For nitration, it has been shown by Melander } that hydrogen and tritium, appropriately 
situated in benzene, toluene, bromobenzene, or naphthalene, are replaced by the nitro- 
group under ordinary conditions of nitration at very nearly the same speed. Bonner, 
Bowyer, and Gwyn Williams? have found that the rates of nitration of pentadeutero- 
nitrobenzene in 97-4% and 86-7% sulphuric acid are identical with those of nitrobenzene 
in the same media. These “ zero isotope-effects ’’ are interpreted as showing that the 
C-H bond is not broken in the rate-determining step of these aromatic nitrations. 

It is desirable to establish the situation in other aromatic electrophilic substitutions. 
For sulphonation of bromobenzene, a moderate isotope effect has been established by 


* Part III, J., 1957, 131. 


1 Melander, Arkiv Kemi, 1950, 2, 211. 
? Bonner, Bowyer, and Gwyn Williams, J., 1953, 2650. 
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Berglund-Larsson and Melander;* and for the reactions of some diazonium ions with 
highly hindered naphtholsulphonic acids, Zollinger* has found a large isotope effect. 
Bonner and Wilkins > have observed a small, but definite, isotope effect in the cyclo- 
dehydration of 2-(2 : 4: 6-trideuteroanilino)pent-2-en-4-one and its protium analogue, 
a reaction which they ccasider to be an intramolecular electrophilic substitution. 
These last observations have been interpreted as implying that the reactions follow a 
course which may in its simplest form be represented : 


ArH + E=—=™ArH-E; ArH-E—— Products. . . . . . (1) 
va 

Here E is an electrophilic reagent; the velocity of the back-reaction (v_,) is appreciable in 
comparison with that of the product-forming stage, v,; and the latter reaction, which is 
partly rate-determining, involves in its transition state a considerable disruption of the 
Ar-H bond. In Zollinger’s experiments, the kinetic intervention of a base in determining 
the velocity v, was demonstrated, though in principle this stage of the reaction could be 
either uni- or bi-molecular. 

For halogenation, little has so far been established concerning the stages of the reaction 
following the attack of the electrophilic reagent. Reactions involving molecular halogen 
as the electrophilic reagent often involve complicated pre-equilibria, but on kinetic 
grounds it has been argued ® that the stage of proton-loss is probably rapid and not rate- 
determining. Iodine-catalysed bromination of toluene and of tritiated toluene proceed 
with no preferential displacement of either isotope,1 a fact which supports this view, 
independently of the mechanistic complications of these reactions. 

Bromination involving hypobromous acid with an acid as catalyst is of some theoretical 
interest in that it involves *® a positively charged intermediate (Br* or BrOH,*). The 
rates of bromination of benzene and of hexadeuterobenzene have now been compared, in 
aqueous dioxan with perchloric acid as catalyst. The reaction has the kinetic form : 


-d[BrOH]/dt = K[ArH]J[BrOHJ[H*] . . . . . - . . (2) 


which is consistent with reaction involving Br* or BrOH,*. Benzene and hexadeutero- 
benzene react at rates which are the same within experimental error. The stage of the 
reaction which involves breaking of the C-H or C-D bond is therefore, as in nitration, not 
rate-determining to an extent which can be detected by this criterion, and the reaction 
may be thought to proceed as in equation (1) (E = Br*+ or BrOH,*), with v, rate- 
determining, and v, > v_,.* 


Experimental_—Hexadeuterobenzene was prepared by Ingold, Raisin, and Wilson’s 
method,!* in which benzene is deuterated by 51% D,SO, at room temperature. Four successive 
treatments gave a material, b. p. 79-1°, m? 1-4950. Mass-spectrographic analysis of this 
material, kindly done by Dr. C. A. Bunton, showed that the sample contained at least 98-5% of 
C,D,. Subsequent infrared analysis showed the sample to contain 95% of C,D, and 5% of 
C,HD,. Other materials and methods, including conventions used for calculation, have been 


* A Referee has observed that Hammond’s discussion * makes it desirable to treat this conclusion 
with reservation. The least categorical conclusion that can be drawn is that the breaking of the C-H 
bond has not made much progress in the transition state. 


* Berglund-Larsson and Melander, Arkiv Kemi, 1954, 6, 219. 

* Zollinger, Helv. Chim. Acta, 1955, 38, 1597. 

* Bonner and Wilkins, J]., 1955, 2358. 

® Robertson, J., 1954, 1267; cf. Robertson, de la Mare, and Johnston, /., 1943, 279. 
7 de la Mare and Harvey, J., 1956, 36. 

® Derbyshire and Waters, /., 1951, 73. 

* Hammond, J. Amer. Chem. Soc., 1955, 77, 334. 

10 Ingold, Raisin, and Wilson, J., 1936, 915. 
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described in earlier papers. The following results illustrate a typical kinetic run, From a 
solution, at 25°, of hexadeuterobenzene (0-0105m), hypobromous acid (0-0014m), and perchloric 
acid (0-141m), all in 50% dioxan, samples (10 ml.) were removed at intervals for titration 
against 0-002N-sodium thiosulphate, with starch as indicator. A control, at similar con- 
centrations, but with hexadeuterobenzene omitted, was run side by side with this measurement. 








Reaction Control 
ee Aa , = Ae aT 
Time Titre 10°2, Time Titre 107k, 
(min.) (ml.) (min.~*) (min.) (ml.) (min.-1) 
0-0 14-28 ae 0-0 18-72 - 
3-40 11-83 5-34 3-92 18-50 0-30 
7-98 9-50 5-11 7-80 18-32 0-28 
11-83 7-90 5-01 11-10 18-18 0-26 
15-50 6-98 4-62 15-08 18-01 0-22 
19-12 6-08 4-47 19-51 18-07 0-18 


The following are initial values of the second-order rate-coefficients, k,, calculated as 
described earlier from the disappearance of aromatic compound and hypobromous acid, showing 
the dependence of rate on acidity. Corresponding experimental values for benzene’ are 
included for comparison. All values refer to conditions in which the aromatic compound had 
concentration 0-011—0-016m, and HOBr, 0-001—0-002M in 50% dioxan at 25°. 


PN ED. wsskacenciximeraienieiestninesess 1... 0-066 0-088 0-111 0-141 
Be (1. moles* mim. ), Cede oscecccscsccscecee 2-5 3-2 4-4 5-0 
A” Kosceamsssnsseiecs 2-4 3-0 4-2 5-2 
WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE LONDON, 
GOWER STREET, LonpDoN; W.C.1. [Received, October 1st, 1956.] 





177. «-Methyltropic Acid—A Correction. 
By R. Foster and H. R. ING. 


In a recent paper on ‘‘ Some new tropine derivatives ” 4 we assumed that the acid obtained 
by the action of nitrous acid on ethyl 8-amino-«-methyl-«-phenylpropionate (I; R = Me), 
and subsequent hydrolysis of the hydroxy-ester, was «-methyltropic acid (II; R = Me). 
At the time we were unaware that Zaugg ? had shown that the acid obtained by Burtner 
and Cusic * in a similar way from ethyl $-amino-««-diphenylpropionate (I; R = Ph) was 
not, as these authors naturally thought, «a-phenyltropic acid (II; R = Ph) but a-benzyl- 
mandelic acid (III; R = Ph), produced by molecular rearrangement during the reaction 
of the amino-ester with nitrous acid. When Dr. Zaugg kindly drew our attention to his 
proof? of the structure of Burtner and Cusic’s acid it seemed probable that a similar 


H,-NH, H,-OH 
Ph—C—CO, Et Ph—C—CO,H Ph-CH,—C(OH)-CO,H 
R (I) R (II) (III) 


rearrangement had occurred during our synthesis and that our supposed «-methyltropic 
acid (m. p. 98°) was really a-benzyl-lactic acid (III; R = Me), originally synthesized by 
Gabriel and Michael,* who recorded m. p. 97—99°. We repeated Gabriel and Michael’s 
J., 1956, 938. 
Zaugg, J. Amer. Chem. Soc., 1950, 72, 3001. 


1 

2 

* Burtner and Cusic, J. Amer. Chem. Soc., 1943, 65, 262. 
* Gabriel and Michael, Ber., 1879, 12, 814. 
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synthesis, using somewhat simpler conditions, and found that both «-benzyl-lactic acid 
and a mixture of it with our supposed «-methyltropic acid melted sharply at 98°. There is, 
therefore, no doubt that our acid, m. p. 98°, is «-benzyl-lactic acid and that the ethyl, 
tropine, and ¥-tropine esters described in our paper? as a-methyltropates are really 
a-benzyl-lactates. 


Experimental.—The bisulphite compound from benzyl methyl ketone (25 g.) was suspended 
in water (150 ml.), and a saturated solution of potassium cyanide (12 g.) added dropwise with 
stirring at 0—5°. The oily cyanohydrin was separated (in ether) and hydrolysed by boiling 
5n-hydrochloric acid (200 ml.) for 3 hr. A small amount of dark oil was separated (in benzene) 
and a-benzyl-lactic acid extracted with ether and crystallized three times from benzene; it 
formed feathery needles, m. p. 98° (Found: C, 66-5; H, 6-7. Calc. for C,,H,,.O: C, 66-7; H, 


6-7%). 


We are grateful to Dr. H. E. Zaugg for drawing our attention to his work and giving us the 
opportunity of correcting our error ourselves. 


DEPARTMENT OF PHARMACOLOGY, OXFORD. [Received, October 3rd, 1956.} 





178. The Cholestane-2 : 3-diols. 
By H. B. HENBEstT and M. SMITH. 


INCIDENTALLY to other work, the four cholestane-2 : 3-diols have been prepared, three of 
them apparently for the first time. The methods used were similar to those employed 
for the preparation of similar diols in the sapogenin series ; }** the configurations of the 
cholestane compounds can be assigned by analogy. 


Experimental.—Cholestane-28 : 3a-diol. This was prepared by Marker and Plambeck’s 
method. The purified compound had m. p. 197—200°, [a]) +42°; the earlier authors record 
m. p. 201°. 

Cholestane-2« : 3u-diol. A mixture of cholest-2-ene (1-3 g.) in dry benzene (50 c.c.) and 
osmium tetroxide (1 g.) in dry pyridine (50 c.c.) was kept at 20° for 90 hr. The solvent was 
evaporated under reduced pressure and the residue was heated under reflux for 4 hr. in a mixture 
of mannitol (7-5 g.), potassium hydroxide (7-5 g.), ethanol (75 c.c.), benzene (30 c.c.), and water 
(15 c.c.). The product was isolated with benzene and crystallised from aqueous methanol, to 
give material, m. p. 196—209°. The pure 2a : 3a-diol had m. p. 212—214°, [a], +32° (Found: 
C, 80-2; H, 12-05. C,,H,,O, requires C, 80-15; H, 11-95%). 

Cholestane-28 : 38-diol. Silver acetate (2-3 g.), and then iodine (1-39 g. in portions), were 
added to a stirred solution of cholest-2-ene (2-03 g.) in acetic acid (350 c.c.). When the iodine 
had dissolved, water (0-1 c.c.) was added and the mixture was stirred at 95° for 20 hr. Sodium 
chloride (0-15 g.) in water (1 c.c.) was added to the cooled mixture, which was then filtered, and 
the filtrate evaporated under reduced pressure. The residue was hydrolysed by potassium 
hydroxide (2 g.) in methanol (100 c.c.) at 20° overnight, the product being isolated with chloro- 
form and chromatographed on alumina (300 g.). Material eluted with ether-methanol (49 : 1) 
was discarded; the product (1-43 g.) eluted with ether-methanol (19: 1) was crystallised from 
methanol, to give the 28 : 38-diol, m. p. 174—177°, [a], + 43° (Found : C, 80-2; H, 12-0%). 

Cholestane-2« : 38-diol. Cholestane-28 : 38-diol (0-15 g.) was added to a solution of sodium 
(0-7 g.) in ethanol (17 c.c.), and the mixture heated at 180° for 24 hr. Isolation with ether 
followed by crystallisation from methanol afforded the 2« : 38-diol, m. p. 212—214°, [a], + 28° 


1 Pataki, Rosenkranz, and Djerassi, J. Amer. Chem. Soc., 1951, 78, 5375. 
2 Herran, Rosenkranz, and Sondheimer, ibid., 1954, 76, 5531. 

* Klass, Fieser, and Fieser, ibid., 1955, 77, 3829. 

* Marker and Plambeck, ibid., 1939, 61, 1332. 
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(Found: C, 79-2; H, 122%). Them. p. was depressed to 205° on admixture with the 2a : 3a- 
diol which has the same m. p.; the infrared absorption spectra were also different in detail. 


The 2a: 3a-diol was also isomerised to the 2a: 38-diol on similar treatment with sodium 
ethoxide. 


One of the authors (M. S.) thanks the Ministry of Education for financial assistance. 


THE UNIVERSITY, MANCHESTER, 13. (Received,"October 3rd, 1956. } 





179. The Degradation of Carbohydrates by Alkali. Part XIV.* 
3 : 6-Anhydro-p-glucose. 


By W. M. CorBett and J. KENNER. 


It would be expected from the earlier work of this series that the 3 : 6-anhydrohexoses 
would undergo degradation by lime-water. This has been confirmed for 3 : 6-anhydro-p- 
glucose (I) which eventually gives one equivalent of acid. The acids have been isolated 
as their calcium salts and separated into the salts of 3-deoxy-p-gluconic and 3-deoxy-p- 
mannonic acid (D-glucometasaccharinic acids; II). 


GHo cHO CHO CoH 
: | 
HOH C—OH c=0 ch 
—c—H CH H—C—H H—C—-H 
| red | a | tod 
H—C—OH H—C—OH H—C—OH H—C—OH 
| 
| H—-C—OH H—C—OH H—C—OH H—C—OH 
| | 
(1) “——cn, CH,-OH CH,-OH CH,-OH (II) 


Experimental.—3 : 6-Anhydro-p-glucose, prepared from mono-O-isopropylidene-p-glucose 
as described by Ohle e? a/.,1 had m. p. 116—119°, [a]? +51-8° (c, 1-39 in water). A solution 
(100 ml.) of 3 : 6-anhydro-p-glucose (0-3418 g.) in oxygen-free 0-04N-lime-water was maintained 
at 25°. Samples were withdrawn periodically and the consumption of alkali estimated by back 
titration. The equivalents of acid produced are given in the following table : 


Degradation of 3 : 6-anhydro-D-glucose by lime-water at 25°. 


RMS GW.) ccsccvece 0-25 0-5 1 2 5 7 24 48 72 144 168 216 
Acid (equiv.) ... 0-024 0-028 0-033 0-064 0-163 0-207 0-502 0-748 0-879 0-993 1-015 1-015 


Paper chromatograms of the samples, when developed in butanol—pyridine—-water (6: 4: 3) 
and sprayed with silver nitrate,? indicated the presence of two components. The slower 
component was revealed as a pale brown streak originating from the starting line and resembled 
streaks produced by calcium salts of an organic polyhydroxy-acid, whilst the faster component 
was revealed as a brown spot whose Ry value was similar to that of 3: 6-anhydro-p-glucose. 
The intensity of the former increased and of the latter decreased as the reaction progressed. 

A solution (500 ml.) of 3: 6-anhydro-p-glucose (1-85 g.) in oxygen-free lime-water was 
maintained at 25° for 7 days. The excess of calcium hydroxide was then removed as the 
carbonate, and the filtered solution concentrated to a residue (2-37 g.). On addition of ethyl 


* Part XIII, J., 1956, 2921. 


1 Ohle, Vargha, and Erlbach, Ber., 1928, 61, 1214. 
2 Trevelyan, Procter, and Harrison, Nature, 1950, 166, 144. 
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alcohol (3-5 ml.) to a solution of the residue in water (3-5 ml.), cubic crystals of calcium 3-deoxy- 
D-mannonate (0-75 g.) separated. The crystals, [«]?? —21-3° (c, 3-0 in water), were converted 
into 3-deoxy-p-mannonolactone, m. p. 89-5—-91-5° undepressed in admixture with an authentic 
sample. Further addition of alcohol (5 ml.) to the aqueous ethanol solution of the calcium 
salts gave calcium 3-deoxy-p-gluconate (0-74 g.), [«/?? —6-7° (c, 3-0 in water). This was 
converted via the free acid into the brucine salt, m. p. 145—150° undepressed in admixture with 


an authentic specimen. 
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